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In  view of the importance of sodium 2 ,4~dicblorophenoxy&eetlc acid 
(ifa 2,4-8} ft® an a g ric u ltu ra l chemical, discovery of a chemical which would 
counteract the e ffe c ts  of th is  ehemic&l on p lan ts  would be a valuable 
con tribu tion . Such a discovery might possibly provide a means of trea tin g  
valuable ornamental o r crop p lan ts  acc iden ta lly  receiving an app lication  
o f Na 2,4—8 and also might allow a more complete in te rp re ta tio n  of the 
mechanism of growth and the mechanism o f action  of 2,4-D,
Several hundred chemicals have been tested  singly  and in  combination 
with Ha 2,4-8 using pre-gerainated corn seedlings* la r ly  growth of 'these 
seedlings i s  re fle c ted  by primary roo t elongation during th is  phase of 
development. The re s u lts  of these te s ts  ind ica te  th a t very few chemicals 
can a c t to promote primary roo t elongation in  young, seedlings while m n j  
compounds can in h ib it  such elongation, th is  statement i s  generally true  
when these compounds are  also  used in combination with Ha 2,4~C
Several compounds have been found which can reduce, by a s ig n ifican t 
amount, the in h ib itio n  of roo t elongation induced by Ha 2 ,4-8 . These 
compounds are r ib o fla v in , ascorbic ac id , L-aetajticnine, thiosemiearbasside, 
and sodium 2 ,4 -d in itro -o -c re so l. The most e f f ic ie n t  of then© in ribo flav in  
which has been demonstrated to counteract approximately of the 'inhi­
b itio n  induced by 8a 2,4-1). The o ther compounds are capable o f reducing 
m  2,4-D in h ib ition  10-305E.
Riboflavin i s  e ffec tiv e  only when l ig h t  i s  provided during treatm ent 
of the seedlings. Thia fa c t ©iimiia&tea the p o s s ib il i ty  th a t rib o flav in
ac ts  as a vitamin In com ta r  acting 2,4**$ tox icity*
Depletion of food resort?©®, notably carbohydrates, nitrogenous com- 
pounds, amino acids, and organic phosphates end ac id s, h&b* been in te r ­
p reted  by various workers a© being oansas o f la  toxicity* Additions
o f these classes of compounds did no t a lle v ia te  Sa 2,4-D to x ic ity . I t  1© 
probable th a t theee abnorm alities ere  secondary symptom® of toxicity ' ra th e r  
than primary causes*
I t  i s  suggested th a t $a , 2A-D &ct4 to  in h ib it  on© or more hydrogen** 
c a r r ie rs  in  p lan ts and th a t both ascorbic .acid and rib o flav in  can replace 
o f su b s titu te  fo r the hydrogen-c&rrier or carrier® which ®r© in h ib ited  
by o r inactivated  by 2,A-D-treatment* Further, i t  i s  suggested th a t ,  
since ribo flav in  proved e ffec tiv e  in  overcoming Na 2,4~D to x ic ity  In com , 
cucumber and tomato p lan ts , the mechanic® of action  of la  2,/,-D is  closely 
re la te d  in these p la n ts .
UmOBOCfOT
Considerable information was ava ilab le  a t  the inception of th is  
research on the changes in  chemical composition o f p lan ts  trea ted  with
2,4-D. Also, evidence was availab le  which ind icated  th a t 2,4-0 acted 
to  Impede or reduce aerobic re sp ira tio n , but i t  was not known how th is  
was accomplished. Studies mad® on several ensym  systems demonstrated 
th a t  2,4-B could ac tiv a te  o r in h ib i t  easymas but i t  was not known how 
th is  was accomplished* S im ilarly , i t  had been shown th a t there occurred 
a change in  amount and movement o f vitam ins in p lan ts  following treat-* 
meat with 2,4-D*
Ho evidence was availab le  to determine whether o r no t these changes 
ware d ire c tly  responsible fo r the anatomical and growth responses re­
su ltin g  from 2,4-0 treatm ent.
I t  was f e l t  th a t a study o f the e ffe c t of various organic chemical# 
alone and combined with 2,1—D would y ie ld  some information which could be 
used in  an in te rp re ta tio n  of the mechanism of action of 2 ,4-0 . I t  m s 
the primary purpose of th is  research to find chemicals or a chemical which 
would counteract the in h ib ition  of primary roo t elongation re su ltin g  froa 
treatm ent of gem inating  com seedlings with so lu tions containing 2,4-13.
Chemicals were f i r s t  chosen from a l i s t  o f those which had been re ­
ported as being affected  by or involved with 2 ,4-0 treatment* Thee® chem­
ic a ls  covered a wide range of substances. They included various carbohy­
d ra te  sources, organic phosphates, phospfcorylated carbohydrates, many of 
the ferm entative m etabolites and end-products, vitam ins, enzyme in h ib ito rs , 
metabolic an tagonists, purines, pyrimidines and nucleo-proteina and a
1
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group of compounds placed fo r  the sake of s im p lic ity  under the heading 
o f m iscellaneous compounds#
For the i n i t i a l  te s tin g  of the a c t iv i t ie s  o f these compounds one 
growth response, roo t elongation of com seedlings, was chosen* I t  had 
been demonstrated th a t in h ib itio n  of roo t elongation was a function of 
concentration o f 2,4~E* Therefore, i f  any compound acted to counteract
2,4-D when combined with i t  in  a  to s t  so lu tio n , the primary roo t of the 
trea te d  seedling would be longer than those obtained from seedlings re­
ceiving treatm ent by solutions containing only 2,4-X>.
After system atically  te s tin g  k  large  number of compounds, two were 
found which counteracted the in h ib itio n  of roo t elongation re su ltin g  from 
exposure to so lu tions o f 2,4—ID during germ ination. On© of these compounds, 
r ib o fla v in , was found to be l ig h t  ac tiva ted , th a t i s ,  i ts  e ffectiveness 
fo r  reducing 2,4-B in h ib itio n  was no t demonstrated when the seedlings 
were exposed to combined so lu tions in  the dark# Further, the same e ffe c t 
was found when cucumber seedlings were s im ila rly  treated* The other com­
pound was the sodium s a l t  o f 2 ,A -d tn itro -o -ereso t» This compound was not 
as e ffec tiv e  as ribo flav in  in  counteracting root in h ib itio n  induced by 
?,4~D treatment*
Prelim inary te s ts  hove also indicated  th a t these two compounds are  
e ffec tiv e  in  reducing the amount of p ro life ra tio n  re su ltin g  from treat-* 
sen t o f twin le a f le ts  of young tomato p lan ts with so lu tions of 2,4-13. 
Modification of leaves i s  reduced by use of rib o flav in  combined with the 
solution, of ?,4-D* Examination of height data taken three times a t  
in te rv a ls  of five  days following treatm ent, indicate® th a t sodium 2 ,4 - 
d in itro -o -c reeo l prevents the re ta rd a tio n  o f growth following treatm ent 
with the highest dosage of ~,4-D.
mam o f  uw fA Ttm E
the sub ject of p lan t growth-regui&torsi, with e l l  of i t s  various 
ram ifica tio n s, has grown, perhaps, a t  a  ra te  unprecedented in m y  f ie ld  
in  the p ast decade* Perhaps more people have worked, and published, in  
th is  f ie ld  per u n it  o f time than in m y  o ther f ie ld  of science* This 
l i t e r a tu r e  review i s  intended to cover the more important information 
on the sub ject o f p lan t growth substance e ffec ts  on p lan t metabolism* 
Several reviews have d ea lt with the cubjact of growth^regulators in 
p lan ts  and p lan t responses &i© to them* ( l ,  77, 78 , 93, 100, 101, .110} • 
These reviews have adequately covered the various aspects of te s tin g  
and use o f  p lan t grow th-regulators, as well as some of the theories 
concerned with the mechanism of action  involved in  auxin responses* fo r  
th is  rep o rt only those papers which deal with metabolism of trea ted  p lan ts 
and the e ffe c ts  on re sp ira tio n  and mzyme systems w ill fee reviewed* In 
general, the effect® of only two p lan t gm w th-regulators, 3~indoieacetic 
acid  (IAA) and 2 ,4-dlchlorophenoxyacetic acid (2,4r*B) w ill be considered* 
The f i r s t  workers to become in te res ted  in  the e ffe c t of p lan t growth 
substances on carbohydrates were prim arily  in te res ted  in a study o f the 
d irec tio n  o f tran spo rt of m ateria ls from the cotyledons of trea ted  bean 
p la n ts (63). S tu a rt(35) trea ted  bean cu ttings with a solution containing 
IAA fo r  four hour® and showed th a t nitrogenous and carbohydrate compound© 
moved from the leaves and cotyledons in to  the hypocotyls of trea te d  plants* 
Alexander(2 ), examined the carbohydrates of trea ted  bean p lan ts and 
found th a t there was le s s  carbohydrate in trea ted  p lan ts and th a t ,  a t
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the  po in t o f ap p lica tio n , the simple carbohydrates were condensed to 
complex polysaccharides *
la  a study of the e ffe c t of l-naphth& leneaeetic acid  (HAA) and 1~ 
naphthaleaeacetaaide on the nitrogenous and carbohydrate constituen ts  of 
bean p la n ts , Mitch e l l  (59) and M itchell, Kraus, and $feitche&<t(6&) demon­
s tra te d  a decrease in  starch  content following app lica tion  o f these two 
compounds, They ind icated  th a t tran sp o rt of carbohydrate from the leaves 
was inhibited* Further, they showed th a t  there was a t  f i r s t  an increase 
in  sugar followed by a decrease to the lev e l o f the control plants*
M itchell and Whitehead(64), showed th a t a marked increase in  the ra te  of 
s ta rch  d igestion  occurred following treatm ent with a group of p lan t growth 
substances* With th is  increase in  starch by&rolysts an increase in  
sugar followed treatm ent by NAA and IAA*
P rio r  to 1935, Zimmerman and Hitchcock had begun to search fo r 
Chemicals which were physio logically  a c tiv e . The primary purpose of 
th is  search was fo r the purpose o f accumulation of information on 
physiological a c t iv i ty  and s tru c tu re  so th a t the chemical basis of hor­
monal action  might be determined* They, with Crocker(IS), had e a r l ie r  
shown tb a t  there was no common s tru c tu ra l character which would explain 
the sim ila r physiological e ffec ts  of auxin and ethylene gas* In  two 
papers published in  1942(3$, 109) they reported on the re la tio n  of 
s tru c tu re  and physiological a c t iv i ty  of what was to become the most 
im portant group of p lan t growth substances of our time, the substitu ted  
phenoxy compounds.
Although not reporting  tan t i l  1945, Slade, Templeman and Sexton ($0) 
found, in  August o f  1940, th a t treatm ent of oats weedy with charlock 
by 25 pounds per acre o f UfAA resu lted  In control of the weed growth
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without damage to  the oats* At about the same time they in s t i tu te d  
researches in to  thyl-A-chlorophenoxyace t i c  acid (ftSethoxone) and 
found i t  to be a highly e ffec tiv e  d if fe re n tia l  herbicide fo r con tro lling  
broad-leaved weeds in  cereal plantings* This seems to be the f i r s t  in­
stance in  which a p lan t growth reg u la to r was need as ft se lec tiv e  herb lc ide(l)*  
In 1944» Bamaer and Tukey(36) reported th a t they were able to con tro l 
bindweed by sprays containing 1000 ppm o f 2,4-B in  0 *5% Carbowax 1500#.
They were the f i r s t  workers reporting  the use of 2,4-B as a herbicide 
in  th is  country. They also  s ta te  th a t £* J .  Kraus of Chicago had sug­
gested the use o f th is  compound as a herbicide following the publication 
o f the paper by Hitchcock and Zimmerman on the p roperties of 2,4-D in  
1942* This paper by Haaaner and Tukey proved to be the opening paper in  a 
v e ritab le  barrage* The idea of chemically weeding a crop or a garden 
captivated the imagination o f thousands of people* The f i r s t  approach to 
the problem was to duplicate  much of the work performed e a r l ie r  with IAA* 
M itchell and Brown(60), reporting in  1945* indicated th a t -fee read ily  
availab le  carbohydrates (sugars, starch  and dextrin) were e sse n tia lly  
depleted in  annual morning-glory w ithin three weeka following application  
of 1000 ppm o f 2*4-15* Reducing sugars in  trea ted  p lan ts a t  f i r s t  in ­
creased above the amount in  the untreated  p la n ts , than decreased u n ti l  
they were nearly  depleted during the second and th ird  week following 
treatment* Smith, Haimer and Gerlson(82) in a study of the action of
2,4-D on bindweed found th a t ,  In addition to rapid decreases in  sugars 
following an i n i t i a l  increase , the starch-dm xtrln frac tio n  decreased, 
and th a t the percentage of to ta l  nitrogen decreased in  the leaves, but 
increased in  the stems and roots*
Rasmussen(71) reported e sse n tia lly  the same e ffe c t following t r e a t­
ment o f dandelion* Be sta ted  fu r th e r  th a t the decrease in carbohydrate
reserves nee considerably more than enough to account fo r the i n i t i a l  
increase  in  reducing sugars and th a t the lo ss  o f reducing pagers could 
be roughly accounted fo r by the increased ra te  o f re sp ira tio n  of the 
trea te d  p lan t.
The rep o rts  o f Loomis(51) on dandelion, B ellinger(4$) on com , Smith 
(S I) , S a i l (25), S e ll , e t  a l ,(7 5 ) ,  and W eller, a t  a l.(9 9 )  on bean, Wort 
(107) on buckwheat, and Klimgman on wild g a r l ic (4 5) are a l l  in agreement 
with the o ther papers describing the i n i t i a l  Increase in reducing sugars 
and decrease of reserve carbohydrates following app lica tions o f 2,4-C.
Erickson, Seeley, and Klage®(20) reported in  1948 th a t app lications 
of 2,4-P to growing wheat increased the p ro tein  content as well as 
stunted the wheat. However, ltliagmaa(45) has s ta ted  th a t the pro te l  n 
content was only increased a t  the expense of the dry weight which was 
lowered, probably through carbohydrate lo s s .
H ulllnger reported a s h i f t  in  the various nitrogen frac tio n s  even 
though the to ta l  n itrogen decreased(42). Thus, h© found th a t the water- 
soluble n itrogen , ammonia n itrogen , glutamine, asparagine, m d  the 
c^-azaino acids increased in  the top© and roots of com p lants trea ted  with
2,4-D with the exception of the water-soluble nitrogen which decreased 
in  the ro o ts . S e ll, and co-workers(75) reported th a t most of the carbo­
hydrates l o s t  to the p lan t were apparently used in pro tein  syn thesis. 
Again, Weller and co-workers(99) reported th a t when red kidney bean p lan ts  
were trea ted  with 2,4-JD a decrease in nitrogen frac tions u s  observed 
in  the root® and leave© while an increase was observed In the stems.
Wort(107) reported an increase In the nitrogen content of the stems 
and ro o ts , and a decrease in  the leaves of buckwheat trea ted  with 2 ,/HD. 
H3.ingsum(45) reported a lo ss  o f to ta l  nitrogen in  the tops of trea ted
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g a r lic  p lan ts  while the roota showed ve*y l i t t l e  d iffe rence . When the 
fig u res  fo r  change in  to ta l  n itrogen  were expressed in  re la tio n  to dry 
weight* the trea ted  p lan ts contained a higher percentage of to ta l  n itrogen 
than did the con tro ls or untreated  p la n ts .
Further stud ies of the metabolism of p lan ts  d e a lt with the e ffe c t of 
treatm ent of bean p lan ts  by on the vitamin content and vitamin
mobility* th is  research , in s tig a ted  by Luecke, Hamner and S e l l(53), 
demonstrated a lo ss  in  a l l  the vitamins and growth fac to rs investigated  
except pantothenic ac id , which showed a s l ig h t  increase* The lo ss  o f 
vitam ins from the trea ted  p lan ts was as follows: thiamine, 53*8$? car©-
tone, 52*3$? n ic o tin ic  acid , 13*958? rib o fla v in , 17.7$* The pantothenic 
acid  frac tio n  increased by 95.7$.
Hanee(65, 66, 67) has postulated th a t ,  since trea ted  excised wheat 
root© show an accumulation of acetal&eby&e .and th a t  pyruvate u t i l i s a t io n  
in  impaired, the tricarboxy lic  acid cycle i s  in h ib ited  in some manner by 
auxins. Christiansen and Thimann working with bean stem t ie  sue (16) re­
ported th a t when IJLA. was used a t  a concentration of 1 ppm the changes 
induced in  the metabolism were: consumption of amino acids, synthesis
of p ro te in , and the formation of asparagine* They explain these e ffec ts  
on n itrogen metabolism by postu la ting  th a t  th e ir  influence i s  mediated 
through the metabolism of the four carbon acids. They fu rth er s ta te  
th a t  c e ll  enlargement was accompanied by p ro tein  synthesis.
van 0verbeek(93) had previously linked the e ffed t of auxins to the 
four-carbon acid system, the so -called  Krebs cycle, since I t  was known 
th a t  c a ll  elongation, protoplasmic streaming and resp ira tio n  were a l l  
mediated fey th is  cycle. However, he sta ted  th a t the resp ira to ry  system 
involving auxin accounted fo r only a ©mall p a rt of the to ta l  re sp ira tio n
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(10$), y e t i t  controlled  a substan tia l p a r t  of the growth process* Also, 
ha pointed ou t th a t e a te r  uptake was ih© driving force of elongation 
and th a t  where water uptake was in te rfe re d  w ith, elongation could no t occur* 
Brown(11), reporting  on the e f fe c t  of 2,4-J) on bean p la n ts , s ta ted  
th a t  the to ta l  water absorbed following spraying with a so lu tion  contain- 
lag  1000 ppm of 2,4-B was 34$ le s s  than th a t fo r comparable untreated 
p lan ts  a t five  days* The re sp ira tio n  o f the bean p lan ts was s ig n if ic an tly  
Increased and the carbon dioxide output was 19-40$ g rea ter during four 
days a f te r  treatm ent of the plants* Annual morning-glory sim ila rly  
trea ted  showed an increase in  re sp ira tio n  o f 80*6$ during a two-hour 
period on the fourth day*
lew is and Hamn.er(49) repo rt th a t  a® e ffe c t was obtained from a 
medium containing 1000 ppm of 2,4-B when th is  m s  used to cu ltu re  
Escherichia coll*  St&phlococcus aureus* Pseudomonas phaseo li* B acillus 
brevis* and Rhi sob turn leguminosarm* However, in  contrast to these 
findings Worth and HcCabe(l0$) found in a study including aerobic, 
fa c u lta tiv e  anaerobic, and anaerobic microorganisms, tha t only the 
aerobic organisms were inh ib ited  by 2,4-B*
Hsueh and Lou (41), reported th a t seeds high in fa t  (Baphaaug) and 
seeds capable of carrying cm anaerobic re sp ira tio n  (Oryge.) were able to 
germinate in  a so lu tion  containing 0*1$ of £,4-*B, a lso , they were capable 
of germinating anaerobically* However, no growth occurred la  the 
2,1-D trea ted  p lan ts  subsequent bo germination* Further, Besarae was 
able to  germinate to a lim ited  ex ten t anaerobically  but could not do 
so in  so lu tion  of 2,4-B* they s ta ted  there was a low oxygen end a high 
carbon dioxide evolution during ih® germination period of these seedlings* 
Taylor investigated  the e ffe c t o f 2,4-D on the gas exchange of wheat and
mustard seedling® and found th a t carbon dioxide evolution and oxygen 
uptake were reduced fo r both species a t  a l l  ages tested* He s ta te d  fu r­
th e r  th a t the ra te  o f metabolism decreased. I t  did not appear l ik e ly  
th a t  the abnormally rapid depletion  of metabolic and growth substra te  
induced by 2,4-B could be a  major fac to r possib ly  contributing toward 
a  development o f s tarvation  as a p a r t  o f the complex of malconditions 
reported to  occur in  seedlings a f te r  treatm ent. Treatment with 2*4-1} 
appeared to e l i c i t  the expression o f anaerobic a c tiv ity  in  trea te d  
t is su e s  in  which p o ten tia ls  fo r  such a c tiv ity  ex ist*  Ju st as would 
treatm ent ty  oxidase in h ib ito rs  o r an anaerobic environment(S9)*
Smith e t  al»(S2), reported an increase in  the resp ira tio n  of rhizome 
and ro o t s l ic e s  o f bindweed trea ted  with 2*4-4), Basmussen(?l) reported 
th a t  re sp ira tio n  o f dandelion was higher following treatm ent. At very- 
high ra te s  o f app lication  of 2,4-D an increase followed by a decrease 
in  re sp ira tio n  was obtained.
Christiansen and co-workers(15) point out th a t the growth o f the o&t 
col cop t i l e  in  IM  I s  strongly aerobic and i s  in h ib ited  by in h ib ito rs  of 
oxidising and dehydrogenaiing enzymes. However* with pea t is s u e , resp ira ­
tio n  f a l l s  o ff  with time and auxin in  low amounts i® able to increase  the 
re sp ira to ry  ra te  up to 1$% in  these tis su e s , fu r th e r , In h ib ito rs  pro­
ducing growth reductions of 50% a l l  lower the resp ira to ry  ra te  ©t f i r s t .
Kelley and Avery(43) have demonstrated th a t in h ib itio n  of re sp ira tio n  
i s  a function of concentration of the in h ib ito r . Thu®, a t  high concen­
tra t io n s  re sp ira tio n  of pea and oat tissu e  was Inh ib ited  while a t  low 
concentrations i t  was stim ulated. Also, they noted th a t to obtain the 
same amount of stim ulation in  oa ts as was obtained with peas 1000 times 
as high a concentration of 2 was required. The ©am© authors
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also  found th a t the re sp ira tio n  of young pen tisan es  m s  Inh ib ited  a t  
high concentrations of 2,4-13 while stim ulation occurred a t  lower con­
centrations* the same concentration of 2,4-D (0*1$) th a t had given a 
3556 increase  in  the re sp ira tio n  of young pea stem was inh ib ito ry  to 
o lder pea stem tis s u e s (44)*
M itchell, B urris and fiik®r{58) report th a t ,  in test© with 13 tis su e s  
including tomato crown g a ll tissu e  and ca rro t p e tio le , several p lan t 
growth substances a t  concentration© of Q*QQ2BS Inh ib ited  re sp ira tio n ,
They compiled a summaiy tab le  wherein the response o f p lan ts  to tM  m s  
l i s te d  over a range in concentration of from 0*002 to 1000 mgm/l*
Several authors have devoted th e i r  time to stud ies o f the responses 
o f inbred lin e s  o f corn to 2,4-0(37, 74)* They found th a t while there 
were no re s is ta n t  l in e s ,  there were v a rie ta l d ifferences in  response*
I t  was pointed out th a t res is tan ce  i s  a re la tiv e  term dependent upon 
many unknown variables*
Various groups have been in te res ted  in  the movement and fa te  o f
2,4—D in  trea ted  plants* M itchell mid Brown(61) found th a t the stimulus 
was not translocated  in  bean p lan ts  the leaves o f which were low in  
sugar, nor from young rapid ly  growing leaves to stems of the trea ted  plants* 
Translocetion of 2,4-B was found to be closely  associated  with tran e lo - 
cation o f organic food m aterials*
Wood, M itchell and Irving(106) have used 2-iodo-3-nitrobens&oie acid 
(XttBA) labeled  with rad ioactive  iodine* Although th e ir  data were not 
conclusive, i t  appeared th a t, in  bean p lan ts a t  le a s t ,  IWBA entered the 
p lan t in  molecular form end m s  translocated  as such, ^©intraub, Brown, 
and Yeatman(98) were able to recover a growth substance from bean 
p lan ts  trea ted  with 2,4-B which they s ta te  m s e ith e r  the acid  i t s e l f  
o r some d issociab le  s a l t  o f the acid*
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tinder*  Siitchell said $ood(50) trea ted  beans with 2 f4~dlchloro-5- 
iodophsnaxy&eetic acid and found tha t tranalocation  took place from leaves 
under conditions favorable fo r the production and tran slocation  o f  
pfeotosynth&te, Oslng the calcium s a l t  of they found th a t there
was some evidence to support the hypothesis o f the s a l t  d issoc ia ting  
w ithin the p lan t.
Weiatraub and co-workers(97) reported th a t rad ioactive  carbon 
dioxide was produced by bean seedlings tre a te d  with 2,4-B labeled in  
the carboxyl- o r m ethylene-position. They also  s ta te  th a t approximately 
th ree  times as much labeled  carbon dioxide was produced when trea ted  
p lan ts  received 2,4-$ labeled in  the carboxyl p o sitio n . This they in­
terp re ted  on the basis o f a  scheme whereby a c e tic  acid was derived from 
the 2,4—D side  chain and entered in to  the tricarboxy lic  acid cycle*
In a  sim ilar study Holley* Boyle and Hand(40) reported th a t 
labeled  2*4-B moved fro® the primary le a f  through Hie p e tio le  and then 
ch iefly  downward in  the stem* eventually reaching the ro o ts . A sm aller 
amount of labeled  carbon was found to  move up in to  the term inal bud 
while p ra c tic a lly  none moved in to  the other primary le a f  of the trea ted  
bean p lan t. They found th a t the p lan t was able to remove the carboxyl 
group and form a t  le a s t  two organic acids Which were not 2 ,4-£ . Over 
one-half of the iso la ted  rad ioactive  m aterial was found to be some 
compound o ther than 2,4-B.
As early  as 1940 i t  was found by Skoog and Thlm&nn(79) th a t auxin 
could be lib e ra te d  from p lan t t l s  ues by hydrolysis* They also  showed 
th a t  enzymes could b© used fo r  th is  purpose* Thus* trypsin  and ehymo trypsin  
could be used to l ib e ra te  the auxin bound to p ro te in . Shocked has re­
ported th a t a l l  p ro teins y ielded  XAA on decomposition (76) 4 WUd&an and
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Qordon{104) made a sim ila r study with s im ila r resu lts*  They to m d , 
however f th a t  fe© auxin associated w ith the cytoplasmic and ehioroplasmto 
p ro te in s o f spinach had a lower molecular weight then TM# Berger end 
Avery(3) were able to is o la te  both auxin end an auxin precursor from 
m&iae. While Stehsel and Wlldmam hare reported th a t the com kernel Is  
an unusually rich  source of IAA(84)» ’to g  and Bonner(3$) claim th a t 
o ther com tis su e s  are  low in  XAA* They s ta ted  th a t van Overbook sug­
gested th a t th is  may he the r e s u l t  of enasysatlc destruction  of the TAA*
He showed in  certa in  instances th a t the peroxidase a c tiv ity  p a ra lle led  
the auxin-destroying power o f the com tissu e s .
This l a s t  report i s  o f in te re s t  since i t  was reported by Felber th a t 
there was a considerable increase in  the peroxidase a c tiv ity  o f bean 
tis su e s  trea ted  with £,£-&(22)* At the same time 0oldacre(3?) has 
s ta ted  th a t 2,4-B causes no destruction  of IM . He suggests th a t IA A- 
oxidase can be ac tiva ted  60 | fey a 10**% £f4-|) solution# The in h ib itio n  
o f IAA-oxid&se produced by boiled  p lan t ex trac ts  can be reversed by
2,4-8# This would perm it a g rea te r r a ta  of destruction  of IM  through 
removal of the in h ib ito r  o f the ensyme normally con tro lling  XAA-oxid&se#
Another po in t o f in te re s t  reported by Thimann e t a l . (91) was a 
statement to  the e ffe c t th a t growth o f  iso la ted  pea stem sections i s  
strongly  in h ib ited  fey calcium and magnesium ions. The in h ib itio n  m s  
shown to vary lin e a r ly  with the logarithm o f the concentration of the 
In h ib ito r . Hamner(3S) has shown th a t there was an increase in  the 
calcium content o f bean and tomato p lan ts  trea ted  with BAA# Bruns t e t t e r  
and eo-*orker«{12) working with beans trea ted  with XAA, found an increase 
in  magnesium content bu t not in  calcium# Wolf, e t  a l.(10S) found th a t 
fee calcium content of soybean leaves trea te d  with 2 ,4 -D was s ig n if ic a n tly
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higher than th a t o f  the o c tro is *  However, when, th© amount o f calcium 
in  the  whole trea ted  p le a t was compared to the con tro ls there was no 
s ig n if ic a n t d ifference in  the calcium content# they fu rth e r  demonstrated 
a higher head ce llu lo se  content in  trea ted  plants# They s ta ted  th a t the 
depletion  o f carbohydrate reserves could n o t be used to explain the 
death o f the p lan ts following treatm ent.
A few workers have reported on the effect© of auxin and on
iso la ted  enzyme systems# Berger and A very (6) reported th a t when coleop- 
t i l e  sections were soaked in  XAA p rio r  to examination fo r enzyme a c t iv i ty ,  
increases in  a c tiv ity  were found in  the alcohol and malic dehydrogenase 
systems iso la ted  from trea ted  tissues# When, however, the enzymes were 
iso la te d  p r io r  to treatm ent and measurements were made of th e ir  a c tiv ity  
when combined with XAA i t  was found th a t XAA had no accelera ting  e ffe c ts  
on alcohol o r malic dehydrogenase(7 ).
M iller and Burris (57), reported th a t and IAA in h ib it  the ox­
id a tio n  of g lyco lic  and ascorbic acid by barley sap, presumably by in h i­
b itio n  o f g lyco lic  and ascorbic acid  oxidase.
Seeley and co-workera(68) sta ted  th a t 2,4—B considerably lowered the 
a c t iv i ty  of both alpha- and beta-aiaylase in  the stems of red kidney bean 
p lan ts  while i t  had no e ffe c t on the beta-amylase a c tiv ity  of the leaves# 
Volker(96) in  th is  regard has s ta ted  th a t when used a t  concentrations 
o f 0*01$ many p lea t growth substances inh ib ited  sa liva ry  amylase# He 
suggested th a t ,  in  addition to 2 All the p lan t hormones containing 
the indole nucleus, trliodobenzoic acid , KM, nocotln ic  acid , and 
n&phthoxy&oetie ac id , might be capable of in h ib itin g  p lan t amylases#
Oyster(21) rep lied  to th a t statement by saying th a t the antiam ylytie 
a b i l i ty  o f auxins containing the indole nucleus was due so le ly  to pH 
effects*  Also, he s ta ted  th a t the antiam ylytic e ffe c t noted by Volker
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fo r  the  o ther p lan t growth substances was probably due to  pH* He d id , 
However, s ta te  th a t there  might b© an to  vivo in h ib itio n  o f amylase th a t 
was no t dependent upon pH*
Both Bavasaoni and Olsen have worked on the problem of the e ffe c t 
o f 2,4~D on phosphatase a c t iv i ty « Bava*fmi(72) reported that* up to 
a concentration of 250 ppm of 2,4~D he obtained in h ib itio n  o f the phos­
phatase a c tiv ity  o f  several plants* However* when using a solution con­
ta in in g  10 ppm of 2,4-B with a phosphatase iso la ted  from tomato plant© 
he was able to demonstrate an accelera tion  of pHosphat&ae ac tiv ity*  then 
higher concentrations were used with th is  phosphatase, he obtained f i r s t  
an a c tiv a tio n , then ana Inactiva tion  which p ara lle led  the poisoning o f 
the tomato plant* Using solutions causing no e ffe c t on phosphatase 
a c tiv ity  in  vitro* 0lsen{70) was able  to obtain m  increase of phos­
phatase a c tiv ity  in  vivo* Olsen believes th a t th is  e ffe c t 1© due to an 
ac tual increase in  the amount of phosphatase ensyme sad not a general 
increase in  protoplasm* Olsen could o ffe r  no explanation co rre la ting  
h ie  findings with the to x ic ity  of 2,4-E) other than & possible  general 
e ffe c t on the metabolism of the trea ted  plants*
Hagen, C lagett and fielgeson(34) published, in  19-49, on the inh ib i­
tio n  of casto r bean lip a se  by 2,4-D* they reported no e ffe c t on poly­
phenol oxidase, eat&iase o r alpha-^ydroay acid oxidase by 2,4-D* In 
■fee same year Kvaacae and co-workers(46) reported th a t 2, 4-B was 400 times 
more in h ib ito ry  on casto r bean lip a se  than on wheat germ lipase* They 
o ffered  th is  fa c t as evidence fo r the d ifference in  su sc e p tib ility  be­
tween a broadleaf p lan t and a  narrow le a f  plant*
Meeley, e t  al*(69) reported that while invertas© a c tiv ity  was 
absent in  fee stems and leaves o f red kidney bean p la n ts , pectin  siethoxy-
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la se  a c tiv ity  was increased and phosphorylase a c tlv i ty  was decreased 
following treatm ent by 2 ,4-0, £yar{19) bas reported th a t phosphorylase
a c tiv ity  i s  no t affected  by e ith e r  cyanide of IAA*
Gals ton (26, 27), Gals ton and Baker{28, 29, 3$) and Galston, Bonner and 
Baker(31) have published s ix  a r t ic le s  bearing on ribo flav in  and several 
phenomena caused by riboflavin* Xn the f i r s t  o f these a r t ic le s  i t  was 
shown th a t ribo flav in  could se n s itis e  the photo-oxidation of various 
indole-containing compounds a l l  o f which, were physiologically  ac tiv e .
In  the next paper Gals ton (28) described a photo-oxidation of ascorbic 
acid  in vivo reported by M artini, He proposed a mechanism to explain 
the destruction  of XAA. His explanation m s th a t TAA-oxi&ase became 
lig h t-a c tiv a te d  through the reversa l by ribo flav in  o f a n a tu ra lly  
occurring in h ib ito r . He s ta ted  th a t o ther fluorescen t chemicals are 
capable of photo-inactivation  of IM  and l is te d  eoein, fluorescein , 
luad chrome and the m ethylolriboflavins as such. In the next paper of 
the s e r ie s ,  Gals ton and B®ker{28) described the inac tiva tion  of th ree  
enzymes, alpha-amylase, urease and tyrosina.se by solutions o f r ib o flav in  
exposed to v is ib le  l ig h t .  In a paper describing the photodynamic action 
o f r ib o fla v in , Galston and Baker(29) established  by means of in  vivo 
and la  v itro  experiments th a t ribo flav in  m s a photoreceptor in the 
destruction  of IAA by v is ib le  l ig h t .  In the l a s t  paper of the se r ie s ,
Galston, Bonner and Baker(31) found th a t the peroxidase frac tion  of 
iM -oxidase m s ac tiv a ted  by 2,4-1) through some e ffe c t on the flavo- 
p re te ia  frac tio n  of the enzyme as shown by the fa c t th a t 2,4-D would 
reverse the catalaee in h ib itio n  of lAA-oxidase but not the cyanide 
in h ib itio n . They showed th a t IAA-oxidase was also  inh ib ited  by the 
an ti-au x in s, ethylene ehlorohydrln and 2 ,3 ,5-trltodobsnzolc  ac id .
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An a r t i c l e  V  F@rrl(23) reported th a t the photo in ac tiv a tio n  of XM 
•as by no means a p e cu lia rity  o f r ib o flav in  bu t was a  property common to  
many fluorescen t chemicals* I t  m& no t e sse n tia l th a t the compounds be 
colored provided they absorbed taltra-*violet ligh t#
Mendels(55) reported th a t while ribo flav in  could photoinactivate a 
pu rified  invertase  preparation from yeast no e ffe c t was found on the 
Invertase a c t iv i ty  of fyrothecjum verrucaria  spores nor on the invertase 
a c t iv i ty  o f e x tra c ts  of ground spores*
Bonner(9* 10) and Commoner and Thimann(l7) have shorn th a t there was 
a very close re la tio n sh ip  between growth and re sp ira tio n  o f the Avena 
eo leo p tile , But i t  was also  shown th a t growth could be stopped without 
g rea tly  reducing resp ira tion*  Also the absence of any increase in  res­
p ira tio n  to accompany an increase  in  growth has been demonstrated* This 
indicated th a t growth by c e ll  enlargement required very l i t t l e  overall 
expenditure of energy(90). The actual amount of energy involved in 
growth was probably not over 1$ o f the to ta l  energy availab le  to the 
c e ll  from resp ira tion*  Therefore, any emphasis on the connection between 
growth and resp ira tio n  would seem to be displaced*
Veldstra and Havinga(95) have s ta ted  th a t p lan t growth substances 
function as perm eability reg u la to rs , meaning th a t they Increase the per­
m eability  of the protoplasm!c membrane fo r water and n u tr it io u s  matter 
dissolved in  i t .  They assume th a t s tru c tu ra lly  re la ted  an tagon istic  
in h ib ito rs  a f fe c t  the same memfer/uae in a reverse manner ty  reducing 
permeability*
van 0verbeek(94) s ta ted  th a t 2,4̂ *D resembled the molecular make-up 
©f na tu ra l auxin and th a t i t  was taken up and transported in  the molecular 
non-dissocisted form to the protoplasm of the growing meristem&tic zones 
where presumably i t  accumulated. He s ta ted  th a t Midman and Bonner had
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linked auxins to  phosphate metabolism and c ited  a statem ent by Harrow, 
whereby increases In organic phosphate resu ltin g  from the hydrolysis o f 
some phosphorylated interm ediate could so stim ulate the g lyco ly tic  
reaction  th a t the oxidative processes concerned in  synthesis might not 
h© able to  compete with the availab ly  hydrogen acceptors and thus 
would be inhibited*
W«nt(X02) has s ta ted  th a t IM  and 2,4~D in i t i a t e  two separate  pro- 
cesses in  low concentrations but th a t in higher concentrations they each 
were capable o f in i t ia t in g  both reactions*
Audus(3) reported th a t the action  of 2,4~B m s a reversib le  one 
and th a t  time was a fac to r with concentration fo r  any given response* 
$ance(65) has suggested th a t  an uncoupling of oxidation and 
phosphorylation may be involved in  the ? ,4 -1  in h ib itio n  o f  s a l t  accumu­
la tio n  in excised wheat roots* He supported th is  suggestion by the ob­
servation th a t  oxygen consumption of the roo ts was not diminished even 
though s a l t  accumulation was inh ib ited  by 2,4-P, He pointed to lun&e- 
g&rdh*5 evidence fo r the occurrence o f two resp ira to ry  systems in. plants*
Oae ©f these, a cyanide-insensitive system, Lun&egtrdh called  the 
ground re sp ira tio n , the o th er, & cysnido-aenaitive system ha termed 
the anion re sp ira tio n . I t  was th is  l a t t e r  system which Hance believed 
to be affected  by 2,4.~B*
West end Hendersen(XQ3) have postulated th a t 2,4-B may a c t on an 
oxidase system which they have i l lu s t r a te d  as ascorbic acid oxidase*
They postu lated  th a t 2,4-B prevented the oxidation of reduced aocorbie 
acid and pointed out th a t  ascorbic acid repressed re sp ira tio n . The 
re sp ira tio n  th a t takes place in  the presence o f 2,4-D' they postu la ted , 
was carried  on by some *extra~2,4-Dn system no t involving ascorbic 
acid  oxidase*
IiOU, Ten and Hsueh{$2) s ta te  th a t there  i s  an appreciable decrease 
in  the oxygen uptake and usually  a s l ig h t  decrease in  the c&fchon dioxide 
production o f trea te d  germinating seedlings. They s ta ted  fu rth e r  th a t 
the in h ib itio n  of aerobic re sp ira tio n  was p a rtly  compensated fo r by the 
ferm entative capacity o f the c e l l ,
Skoog(77) probably presented the b e s t estim ate o f the s itu a tio n  when 
he s ta te d  th a t  i t  must be concluded th a t the p lan t rep resen ts a d e li­
ca te ly  balanced system in  which marked e ffe c ts  on growth and form may 
be obtained with a v a rie ty  of substances in  d if fe re n t concentrations 
Ineluding chemicals which are  no t sp ec ific  in  th e ir  action  with regard 
to the f in a l response bu t which have varying degrees of general n u tr i t io n a l  
or even tox ic  p ro p erties  as well as by those which possess? more o r lea s  
well defined growth promoting ac tiv ity*
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la  1936, L&ns(A7) reported th a t a roo t in h ib itio n  te s t  was about 
as se n s itiv e  a response of p lan ts  to auxin as m s the Avene te s t .  la  
1947, Thompson, Swanson, and reported on some new growth-
regu la ting  compounds* These compounds were compared by th ree  d iffe re n t 
te s te ,  the primary t e s t  o f which involved the determination of inh ib i­
tio n  of primary roo t elongation o f germinating corn. Swanson(86) 
fu rth e r  described the com bioassay end i t s  value in  determining the 
concentration of 2,4-B in  aqueous solutions*
The bioassay consists of germination of surface s te r il iz e d  com fo r 
fo r ty -s ig h t hours. Seedlings are then chosen fro® those germinated 
which have a primary roo t length of from 15 to 25 m illim eters* These 
a re  tran s fe rred  to s t e r i l e ,  six -inch  P e tr i  dishes containing the te s t  
so lu tion  absorbed on a pad of f i l t e r  papwr. After another fo rty -e ig h t 
hour growth period the seedlings are removed m d  the primary root lengths 
a re  remeasured. The amount o f root elongation during th is  second period
of growth i« calcu lated  m d  compared to su itab le  con tro ls .
For th is  research a w hite-kernel, open-pollinated, dent corn, Whit© 
Tuxp&n, was chosen. Seed wer© furnished by the Agronomy Department of 
the Louisiana A gricultural Experiment S tation in Baton Rouge, Louisiana. 
Before use the seed were graded to a uniform ei£e, nla rg e - f la te n. Seed
were sto red  in s te e l bins or drums over naphthalene flakes*
The s^ed were surface s te r il iz e d  fo r f iv e  minutes a t  room temperature 
in  a I s 1000 mercuric chloride so lu tion , then washed overnight in  running
tap  water* The seed were placed between m oist b lo tte rs  fo r  th e ir  f i r s t  
fo r ty -e ig h t hour germination period* Care was exercised to see th a t  a l l  
seed were placed f l a t  on the pap r  without crowding* In order to m aintain 
high humidity conditions the b lo tte rs  were covered with th ree  fo ld s of 
cheesecloth and moistened four times a day a t  six-hour in tervals*
At the conclusion of th is  period o f germination and early  growth, 
the seed were selected with proper roo t lengths and tran sfe rred  to 
s t e r i l e  6-inch P e tr i  diah.es. the seed were placed, embryo side down, 
on a pad consisting  of seven sheets o f Eaton-!3tfceraan #1 f i l t e r  paper 
which had been previously moistened with 20 mis* o f the te s t  solution*
The seed were spaced around the rim o f the dish with the roo ts pointing 
toward the cen ter of the plate* Twenty seedlings were placed in  each p la te  
A fter another fo rty -e ig h t hour growth period exposed to the t e s t  solu­
tio n s the seedlings were removed and the primary roo t length was measured* 
S u ffic ien t seed were prepared so a t  le a s t  duplicate  p la te s  could be run 
fo r  each treatment* Averages of the roo t elongation were calcu lated  
and these data trea ted  s ta t is t ic a lly *
£very t e s t  included a p a ir  o f p la te s  containing d is t i l le d  water.
These were the checks or contro l p la te s . Another p a ir  of p la tes  included 
in  each t e s t  contained a solution of a t  the same concentration as
th a t in  the combination treatments* There were duplicate  p la tes o f each 
t e s t  chemical with and without ?V£-D« Thus, for evi^ry chemical tested  
su f f ic ie n t  contro ls were included th a t comparisons could be made fo r d if­
ferences between the te s t  chemical used singly and the water con tro ls , 
the t e s t  chemical in  combination with 7,1-13 and the water con tro ls and 
the t e s t  chemical in  combination with 2,1-13 and the 2,4,-D used singly*
Thus, d ifferences could be denoted th a t were the re s u l t  of the chemical
treatm ent and also  I t  could be determined whether o r not the combina­
tio n  treatm ents reduced or increased the in h ib itio n  induced by 2,4-D* 
S ta t i s t ic a l  analysis o f the data obtained in  these te s ts  were calcu­
la te d  according to methods described by $rmdecor($3) * Faired com­
parisons were made between the water control and each treatm ent by a 
chemical used singly* Paired comparisons were a lso  mad© between each 
combination treatm ent and the 2,4-1) control*
M other bioassay used in  th is  research m& one described by Heady 
and G rant(73). In th is  bioassay cucumber seed are  exposed to te s t  solu­
tio n s  absorbed on pads of s t e r i l e  f i l t e r  paper in  a manner sim ilar to 
th a t  described in  the preceding test*  An important d ifference  i s  th a t 
the  te s t  i s  sen sitiv e  to  concentrations well below those employed in  the 
previously described test*  la  add ition , no i n i t i a l  measurements are 
performed. 'Hie t e s t  was performed in  the l ig h t  a t  room temperature.
la  tee  experiment M ere th is  bioassay was used the cucumber seed were 
n o t s te r i l iz e d  previous to  using them* The seed were germinated and 
grown in  s t e r i l e ,  six-inch P e tr i  dishes containing twenty m i l l i l i t e r s  of 
t e s t  so lu tion  absorbed on a pad of seven sheets of Saton-Bikeman #1 
f i l t e r  paper* Duplicate p la tes  were used fo r each treatment* The p la tes 
contained tw enty-five seed each. The varie ty  of the seed was Early Fortune. 
Sim ilar con tro ls were used in th is  te s t  as th a t used in  tee previous te s t .
The data obtained from th is  experiment was trea ted  s t a t i s t i c a l ly  and 
comparisons made as described in tee previous t e s t ,
A th ird  bioassay used was th a t recen tly  described by Hitchcock and 
Zimmerman(39)* In th is  t e s t  tomato p lan ts of uniform age and height are 
se lec ted  so th a t no p lan ts with opposite leaves are included* The se­
le c te d  p lan ts  are  trea ted  with concentrated aqueous so lu tions of the
t e a t  chemicals fey applying 0*01 ml. o f the t e s t  chemical to the term inal 
p a ir  o f ta in  le a f le t s  cm the fourth le a f  fro© the base. This volume of 
chemical i s  applied a t  the base of th® le a f le t  to the top surface*
Records are  taken of trea te d  le a f  bending, a tm  bending, he igh t changes, 
p ro life ra tio n  and m odification. The f i r s t  two responses can usually  be 
observed w ithin a few hours a f te r  treatment* Height changes begin to  be 
no ticeab le  a f te r  the fourth  o r f i f th  day. P ro life ra tio n  and modify ca­
tio n  usua lly  can be seen a f te r  the tenth  day*
For th is  t e s t ,  stem bending and trea te d  le a f  bending were recorded 
a t  f iv e , tw enty-four, fo rty -e ig h t and seventy-two hours. Height changes 
were measured a t  f iv e , ten m d  fourteen days a f te r  treatm ent and pro­
l i f e r a t io n  and m odification data were recorded on the seventeenth day.
A simple system of evaluation o f responses was used. This was don© 
by assigning numbers to degrees of response so th a t aero marked no 
responses and th ree  or five  marked maximum response. This allowed fo r 
comparisons to  be made between treatm ents.
On the advice of Dr* A. E* Hitchcock, three concentration© of 2,4/-D 
were used. These were 0 .01 , 0 .1  and 1,0< aqueous solutions* The 
t e s t  chemicals were used singly  or in combination a t  1 .0  and 0.1^,
Six se ts  o f con tro ls were used. These represented treatm ent with each 
concentration o f t e s t  chemical and each concentration of ?,/+~P end t r e a t ­
ment with d i s t i l l e d  water. Three p lan ts  were selected fo r each treatm ent 
used. Ifceee p lan ts  were se lec ted  so th a t p lan t one of each treatm ent 
had a height o f 75-80 am., p lan t two had a height from 70-75 mm., and 
p lan t th ree  had a height from 60-70 mm*
Plants were labeled and indiv idual data kept fo r each. These data 
were then averaged to obtain data represen ta tive  of the treatm ent.
Small d ifferences were found to occur between plan to w ithin a treat fcment, 
ba t these d ifferences did not a f fe c t  the. general trend o f 'the r e c i t e .
In  the experiment involving tomato p lan ts , the v arie ty  o f  tomato 
used was Bonny Best* Th® p lan ts  used were grown in a s o il  consisting  
o f too p a rts  o f &errimae loam(24*)» on® p a rt o f  le a f  mold and one p a rt 
o f cow manure* '[h is , a f te r  thorough mixing, was allowed to compost fo r 
two years p rio r to use* Greenhouse temperatures were maintained be­
tween a 70* F* n igh t temperature to  a 95* F. day tem perature. P lants 
were watered twice a day, care being exercised to «iee th a t the fo liage  
was no t wetted*
The antih istam ines used in the experiments were obtained lo ca lly  
and were standard pharmaceutical p reparations. These usually  contained 
v a riab le  amounts o f f i l l e r  such a* calcium carbonate or lac to se .
Chemicals used in these experiments were of reagent grade. Some 
o f the chemicals used were espec ia lly  synthesised fo r th is  research .
One of these was shikimie acioL prepared by Merck and Co., o f B&hw&y,
!?. J* , snd kindly donated by Dr. Karl P f ia te r  of th a t company. Another 
was the 2,4-1 used in  these experiments* This was an n n  sodium s a l t  of
2,4-dicbloropheaoxyaestic acid containing 75.9'f- ac tiv e  agent on an acid 
equivalent b a s is . This s&s donated by Dr* Bale 2*. Woif » of S3* I .  
du Pont de Nemours and Co., o f -ilm ington, Delaware. Preparation of 
2-hydroxypyTimi'^ino, Gramine, and 4#5-dichlorophenylene diamine d ihy iro - 
ch loride  was accomplifned. by Dr. S. A. P r i l l  of Boyce Thompson In s t i tu te  
fo r  P lan t Research, In c .,  Xonker® 1, Rew York,
Standard laboratory  procedures were used in  the preparation of a l l  
the so lu tio n s . The so lu tions used throughout these experiment® were 
prepared in  d i s t i l l e d  water. Where the so lu b ility  o f the chemical in
H
water was In su ff ic ie n t to  accomodate the quantity  o f chemical involved, 
s ta b le  suspensions o f the m aterial were prepared by pu lverising  the 
chemical and frequently  ag ita tin g  the suspension during tra n s fe r  to 
the P e tr i  p lates*
When experiments were performed in  li& ht th is  was accomplished by 
means o f fluo rescen t tuba lig h ts  cusp ended above a bench on '••hi eh the 
P e tr i  d ishes were placed* The illum ination  varied between 250 and 500 
foo t-cand lss.
BXPERXMTAX, p s s o l t s
A number of experiments were performed te s tin g  the m ateria ls end 
methods described in  the preceding eection . The re s u lts  o f these ex­
periments have been brought together to comprise 'tosm&ry Tables I  to XX, 
Some of these data have been portrayed g raph ically  or p ic io r ie l ly ♦ 




Saasary Table I .  K ffeet of 2f4~D on Boot Elongation o f Germinating 
Com Seedlings. Average Boot Lengths o f Nine Replicates of 
Twenty Seed Sach*








Change in  
Boot Length 
(16 ok.)
0 49.8 30.6 mm
1 33.4 14.2 46«4
2 29.9 10.7 35.0
3 27.5 8.3 27.1
4 27.5 8.3 27.1
5 25.6 6.4 20.9
10 23.1 3.9 12.9
100 20.3 1.1 3.6
1000 19.2 0 0
27
Suma&xy Table I I ,  Results o f Laboratory Bioassays to Determine the 
E ffect on Oom Primary Root Elongation o f Some Carbohydrates* 
Chemicals Were Used Alone a t  the Concentration Shorn in  the fable# 
When Combined With a Solution of Ha 2,4-B the P inal Concentration 
o f the  Ha ?»4~E was 2,5 ppm, and the P inal Concentration o f  the 
Test Chemical was One-Half That Shown in  the Table,
(fceaieal Concentration
Average Root Length 
Alone Combined with Ha 2,4~D
ppm % ck* % ete. % 2,4-B
Glycogen 250 33.2 44.3 106*9
Starch 250 93.5 36.2 92.4
Beatrix* 250 99*5 40.0 102,0
Limit Dextrin 100 97.9 33.1 95.7
Waltose 250 86.4 34.1 86.9
Sucrose 250 100.2 36,6 93.3
Dextrose 250 96.5 3 3 . a 86.1
Levulose 250 95.0 40.9 104.3
d-Ribose 250 94.4 37.1 94.6
C elloblose 250 93.6 37.4 95,5
M eliblose 250 95.3 40.7 103.8
m
Summary Table 111. Results o f Laboratory Bioassay6 to Determine the 
E ffect on Corn Primary Boot Elongation o f Various Organic Acids 
and Their S a lts , Chemicals Were Oged Alone a t  the Concentration 
Shewn in  the Table. When Combined With a Solution of W& 2,1-D 
the Final Concentration of the fta 2f l~D was 2,5 pp®» and the Final 
Concentration of the Test Chemical was Qne-H&lf That Shown in  the 
Table,
Average Boot Length 
Chemical Concentration Alone Combined with Na 2»1~D
ppm ck. % ck. 4 ",4-D
d-K eboglutarie a d d 250 71.5* 39.8 96.2
C itr ic  a d d 100 90.0 32.1 97.0
Pum&ric a d d 100 83.1** 35*0 88.1
l« la l i c  a d d 100 89.3* 36,6 92.3
Calcium hydrogen malate 100 91.3 30,6 86,5
Oxalic a d d 100 99.3 31.2 83.2
Succinic a d d 100 98*6 31.8 96.3
T arta ric  a d d 100 97.1 31.1 101.0
Maleic a d d 100 86.2** 31.5 87.1
L actic  acid 100 91.1* 31.1 86.1
Capric a d d 100 93.3 38.8 107,9
C&pxylie a d d 100 95.1 38.1 106.0
Caproic a d d 100 92.1 32.6 90.8
Laurie a d d 100 109.7 31.7 96,5
L inoleic  a d d 100 101.1 12.7 119.0
Oleic a d d 100 92.2 33*8 85.1
Palm itic  a d d 100 93.0* 32.9 83.1*
S tearic  a d d 100 99.2 31.2 96,7
Tannic a d d 100 97,9 33.1 95.7
Fbrmic acid 100 87.7* 37.1 89.1
Sodium e thy l oxaloacetate 100 91.3 35.3 81.0**
Cinnamic acid 100 77.6** 31.6 97.8
A nthran ilic  acid 100 81.2** 28.2 79.8**
H yristic  a d d 100 99.2 27.9 78,9**
Hy drorybu ty r ic  acid 100 91.5 35.5 100.0
*  S ig n ifican t a t  5% lev e l o f p ro b ab ility , 
** S ig n ifican t a t  1% lev e l of p ro b ab ility .
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Summary fab le  IV. Results o f Laboratory Bioassays to Determine the 
E ffect on Com Primary Root Elongation of Various Organic Phosphates* 
Chemicals Were Osed Alone a t  the Concentration Show in  the Table. 
Whoa Combined With a Solution o f Na 2f4~B the F inal Concentration 
o f the  Ma 2,4-D was 2,5 ppm, and the Final Concentration o f the 
Test Chemical was One-Half That Show in  the Table.
Average Root Length 
Chemical Concentration Alone Combined with Ha 2,4-~V
p m 1 ck. % ck. % 2#4**C
Adenosine triphosphatet 415 93*9 35.7 85*0*
Propanediol phosphate 100 99.7 30.7 88,9
Guanylic ad d 100 86.9** 38,7 109,2
C yiid ylic ad d 100 91.4* 38.2 107.6
D ridylic ad d 100 96.5 36.5 102,8
^-glycerophosphate (Ca) 100 86.3#* 37.9 107.0
/^-glyeeropho spha te  (Na) 100 97*4 39.1 110.4
Phosphoglyeeric acid (Ca) 100 93.4 38.9 109.8
Creatine phosphate 100 96,0 35.5 100.1
Adenosine-*5-phosphoric acid 250 85.1* 37.9 87.5
Adenosine->-phosphoric acid 250 95.1 38,1 87.8
Adenosine triphosphate 250 95.0 50.0 115.4
Sodium beta-glycero-
phosphate 250 89.2* 42.1 101.6
?hosphoglyceri c acid 250 83.1** 36.8 88.9
Glucose-1-phosphate
(potassium sa lt) 250 30.6** 35,6 86.0
Fruetose-6-phosphate 250 68,4** 36.6 38,4
Hexose diphosphate 250 32.2** 42,4 102.3
Lecithin 250 72,3** 40.9 98,8
♦  S ig n ifican t a t  5% lev e l o f p ro b ab ility .
** S ig n ifican t a t  1$ lev e l o f p ro b ab ility , 
t  Not free ly  water soluble,
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Summary Table V. Results of laboratory  Bioasssays to Determine the 
E ffect on Cora Primary Root Elongation of Various Amino Acids. 
The Concentration of the Amino Acids When Used Alone was 100 ppm 
and Ihen Combined With $t &~V Solutions was 50 ppm* 'She concen­
tra t io n  o f the  2,4-B Deed was 2*5 ppm*
Average Root Length 
Chemical Alone Combined with Ua ?f4**0
i  ck* $ ck. t
DL-Asp&ragine 99.3 44*7 100.9
Ir-Aspar&gine 103.2 39.0 87.9
SWEtffiine dihydrochloride 104*7 45.1 101.9
L -lysine hydrochloride 101.1 42.1 95,0
D-Dysine dihydrochloride 102.5 43.5 98.2
DL-Isoleocine 106.5 33.6 80* 0**
Ir-Isoleucine 110.4 43,9 99.1
D -Isoleucine 115.0** 47.4 107.0
DL-Leueine 107.3 34.5 82.2**
L-Leucine 103.0 42,1 94,9
DW'henylalariine 105.8 45.4 102*4
D-Phenyl&lanine 105.7 45.6 102,9
D-Phenylalaaine 91.7 33.3 104.0
D^Dihydrojyphenylal&nine 30*1 33.5 104*6
L-Difaydromyphenyldanine 95.2 47.8 107,8
I^(+)-Arginine hydrochloride 96.1 42,7 96.4
L-Arginine 102.6 45.3 102.2
D-Arginine carbonate 100.3 40.2 105.6
Bb-8©mocya tin e 106.9 35,8 85.3
D-Taurine 104.3 36.0 35.8*
BL-Histidine 94.3 35,3 99.6
L-H istidine 96.2 36.4 102.7
D -H istidine 76.3** 29.8 92.8
BL-Norvaline 104.0 47.0 106.1
DL-Valine 108.1 37.7 85.0
L-Vallne 98.8 40.8 97.2
D -faline 97.7 32.8 102.3
DL-Aepartic a d d 107.9 44.6 100,3
L-Aspartic acid 110.1 40.8 92.0
DL-Proline 107.0 45.6 102.9
L-Proline 108.7 39.3 88,7
Mbrdroayproline 97.3 44.0 99.3
DL-Ornithine hydrochloride 101,9 35.1 83.8**
L-Ornithine 107.6 38.7 87.4
DL-Aliothreonine 92.3 34.0 81,0**
DL-Threonine 98.3 36.6 87.3*
lr-Threonine 87.9* 30.2 94.1
D-Threonine 87.7* 31.3 97,7
DL-Glutamic acid 84.5* 34.4 82,0**
L-Glut&aic acid 105,3 46.1 104.1
L-(+)-Glutaiaine 90.0* 32.3 101.0
Glycine 101.5 34.6 82,5*
# S ign ifican t a t  5l lev e l of p robab ility .
** S ig n ifican t a t  I t  leve l of p ro b ab ility .
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Summary Table (©ont*d.)
Average Boot Length 
Chemical Alone Combined with $a 2 *4-1)



















L-3 p5-diiodo tyro sine
2,4—Dibensoyl glycine
Jhiinona-bu ty ric  acid 
EL-^Aaino-^-aethyl butyric acid  
^-Aaino isobutyric acid  
DL-tA-Aaino-n—val eri c acid  
DL-c^-Anino-phenylace t i  c acid  
p-Hydroxy phenyl glycine  








H 4 .0* 36.7 87*6






















*  S ign ifican t a t 51 le v e l o f probability,
** S ign ifican t a t 1% le v e l of probability.
32
Summaxy Table WX, Results of Laboratory Bioassay s to Determine the 
E ffec t on Com Primary Boot Elongation o f Various Vitamins end 
Growth Facto rs, Chemicals Were Deed Alone a t  the Concentration 
Shown in  the Table* When Combined With a Solution o f Ha 2f4«D 
'fee P inal Concentration of the Ha 2t 4~B was 2.5 ppm, and the 
Pinal Concentration of the Test Chemical was One-Half That Shown 
In the Table*
Average Hoot Length 
Chemical Concentration Alone Combined with Ha 2»4~D
ppm i  ck,' i  ck . i  2,4-B
Pyridoxamine dihydro chlo r i  d e 100 98.6 30.7 95.7
Pyridoxal hydrochloride 100 9®.A 32.2 100.3
Pyridoadne hydrochloride 100 1 H .3 34.0 106.1
C alc ife ro l 100 93.5 31.9 99.5
Vitamin B-3a 100 106.6 35.2 109.9
Adersin hydrochloride 100 99*1 35.4 84.3**
2-Methyl naphthoquinone 100 55.2** 45.9 109.4
p-Amino bensole acid 100 79.8** 35.0 83.5**
p-Hydroxybenaoic a d d 100 103.8 29.5 86.3
i - In o s i to l 100 94.2 34.9 88.0
Niacin 100 37.5 35.5 110.7
N ico tin ic  acid 100 95.1 38.7 111.4
^—Tocopherol a ce ta te 100 102*5 30.7 95.8
Vitamin B-12t 15*7100 ml. 90,4 32.0 99.8
B iotin 100 98.2 29.3 91.4
Vitamin A (alcohol) 100 67.5* 36.0 112,4
Vitamin A (ace ta te ) 100 73.8 34.6 108.0
Riboflavin 100 106.6 38.9 121,6*
Thlaain ch loride 100 104.2 33.8 105*6
Ascorbic a d d 100 100.8 32.1 100.3
/^-Carotene 100 105.9 31.1 97.0
Acetyl choline chloride 100 93.9 36.2 113.1
Choline ch loride 100 106.5 30.1 94.1
F o lic  a d d 100 U 1 .2 34.6 107,9
Calcium pantothenate 1C© 104.8 31.7 99.0
2-8lethyl-5-ethoxyae th y l-  
6-smioo pyrimidine 100 112,4 34.4 107.4
Rutin 100 104.9 35.6 104.3
Vitamin X-l 100 82.4** 38,9 114.0
*  S ig n ifican t a t  5% lev e l of p ro b ab ility , 
a* S ig n ifican t a t  1% lev e l of p ro b ab ility , 
t  Used a t  15v/lOQ mis* alone end 7 .5^100  mis* when combined with 
2,4-0.
a Incompletely soluble *
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Summary Table VII. BesuXts o f Laboratory Bioassays to Determine the 
E ffec t on Com Primary Boot Elongation, of Various A ntim etabolites• 
Chemicals Were $sed Alone a t  the Concentration Shown in  the Table. 
When Combined With a Solution of Ha 2,4-15 the Final Concentration 
o f the w& 2*4-1) was 2.5 ppm, and the Final Coneentmtion of the 
Test CSiesticaX m s  Q»e~Half That Fhowi in  the Table.
CSiemical Concentration Alone Combined with Ha 2,4-fr
3-Acetyl pyridine (E iacin)f
ppm
100




f  2,4-B  
98.0
P yrid iae-3-su lfoa ic acid  
('Uacin) 100 106*9 30.3 38.9
2*Chlcrc-4-emiao beaasoic acid  
(p-Amino bencoic acid) 100 103.6 32.7 102.0
^ -P ic o lin ic  acid (Hi&cin) 100 73*6## 34.1 106.3
Quercetin (Butin) 100 99.5 35.0 102.6
Fotassiva pantoyl taurine 
(Pantothenic acid) 100 91.7 36.3 107.7
D esthioblotin (B iotin) 100 96.7 40.3 97.6
Ben eimida so le  (Adenine, 
Guanine, B reeil) 
p-® -Thienyl alanine 
(Phenylalanine)
100 67.2#* 36.3 90.8
100 52.8** 40.5 101.3
Ethlsnlne (Methionine) 100 48.7** 35.5 79.6#*
5-Aaiao^?-*hydro3y-l-v-tria2olo 
(d)pyriaidine (Guanine) 100 67.8** 29.3 87.1
5 ,7—M tydrojy-l-*v~tria solo  
(d)pyrialdine (Xanthine) 100 101.9 36.5 106,9
7~Amino~l~v->tri&8olQ (d) 
pyrimidine (Adenine, 
Hypoxan thine) 100 41.0** 32.3 80.7*
*  S ig n ifican t a t  the 5% lev e l o f p ro b ab ility .
** S ig n ifican t a t  the 1% lev e l of probability*
♦ Sames in  parentheses in d ica te  the normal m etaboliter
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Summary Table VIII* He s u its  of Laboratory Bloassaya to  Betermine the 
E ffec t on Corn Primary Root Elongation of Various Etesyme Inh ib ito rs*  
Chemicals ifera Osed Alone a t  the Concentration Shown In the Table* 
When Combined With a Solution o f Ha 2,4-0 the  Final Concentration 
o f the 8a 2,4-D mas 2*5 ppm, and the Final Concentration of the 
Test Chemical was One-Half That Shown in  the Table*
Average Root t,ength
Chemical Concentration Alone Combined with fte 2,4*0
p m t  ck. W c k . 2,4**$
Semicarbamide hydrochloride 100 53*4** 32.7 102.0
Thiosaaicarbazid* 100 52.9** 36.8 114.S*
o-Sthyl-$~ph enyl-e&rbaaete 100 38.9** 35.0 109.2
Sodium 2 ,4 -d in itc9 - 50 59.2** 43.3 131.3**
o-creso l 205 29*2** 46.3 110,4
Quai&col 100 88.0* 39.3 93.7
Ninhydrin 100 71*4** 42.6 101,5
Sodium Xodoacetate 203 At 35.1 87.8
o-Fhen&nthroline 495 30.0** 26.7 66.8**
iaygdalln 100 94.5 28.5 82.5
Phloridsin 100 30.9** 32.6 94.3
Sodium fluoroacetaie 900 32.8** 31.6 89.0
Phenosafra^in 100 OQ i tJw 55.5 112.3
Atebrine 1000 72.5** 55.1 111,5
Qainone 103 101.6 55.9 113.2
S a lic y lic  acid 133 96.3 55.3 112,0
Sodium arsen ite 113 56.1** 52.5 106.2
Guaiacol 100 112.3* 51.6 104.5
S ilver filtra te 100 81,1** 50.8 102.9
Baloaie acid 100 94.1 40.0 100.9
Sypoxan thine 100 93.6 41 .6 105,0
Phlo roglu cin ol 100 83.9** 38.5 97,2
illftYsn aonohydrate 100 95.0 39.3 99,2
Bydrozylamine hydrochloride 100 34.4** 31.0 78,2**
Sodium fluoride 120 40.9** 30.4 76.3**
Sodium silico flu o r id e 1331 ttC ae  Q&vvvv 21.1 53.1**
Beryllium n itra te 13? 80.4** 31.5 79.5**
Phloroglucinol 100 104.1 36.3 106.3
^iahydrin 100 67.0** 46.0 128.2
* S ig n ifican t a t  the 5% leve l o f probability* 
** S ig n ifican t a t  the 1t  lev e l of probability*
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Suaa&ry Table XX, Results o f Laboratory Bioassays to Determine the 
E ffect on Com Primary Root Elongation of Various H ucleo-Proteins, 
Purines and pyrimidines* Chemicals Were Used Alone a t the Concen­
tration  Shorn in the Table, When Combined W ith a Solution o f 
Ha 2 ,4 -0  the Pinal Concentration o f the Ha 2,4~D was 2,5 ppm, and 
the Pinal Concentration o f the Test Chemical was One-Half Thai 
Shown in  the Table*
Average Root Length 
Chemical Concentration Alone Combined with Ha ?,&*D
ppm i  cii. 4  ck. i  2,4-U
Alloxan monobydrate 100 95.0 39.3 99.2
gypoxanthine 100 93*6 41.6 105.0
Xanthine 100 84.9** 31* A 93*0
Guanine 100 101.2 30,1 90*9
Thymine 100 97 .A 34.2 99.5
Diazo u racil 100 53.9** 36.8 102.5
U racil 100 87.5* 33.1 83.4*
Adenine su lfa te 250 96.1 37.9 37.3
2-^ydroxypyriaidine 100 35.2** 33.3 95.9
6-Hethyl u racil 100 108*3 41.7 109.5
Cytosine 100 105.5 33.3 97.4
*  S ign ifican t at the 5% le v e l o f probability. 
** S ign ifican t a t the X% le v e l o f probability.
36
Summary Table 1 , Results o f Laboratory Bia&ssays to Determine the 
E ffect on Corn Primary Boot Elongation of Various fitsc e llaneons 
Chemicals* Chemicals Ware Used Alone a t  the Concentration Shown 
in  the Table* When Combined with a Solution o f Na 2,4—D the 
Final Concentration of the Ha 2f4~D was 2# 5 and the Final 
Concentration ©f the Test Chemical was One-Half That Shown in  
the Table*
Average Root Length 
Chemical Concentration Alone Combined with Na 2 ,4-0
p m 4 ck* % ck* % 2#4~B
Bihy&roxy acetone 100 93.9 31.0 96,7
Shikiaic a d d 100 93,6 50,3 101,8
•Cort&te* 100 102*4 47.5 96.2
Liver fraction  "L" 100 111*9 52,2 105.7
Globin 100 92*2# 32*5 93.9
e4-d-Galacturonic ad d 100 83*9## 37.9 94.8
Tyraaine hydrochloride 100 91.3 32.4 101.0
Hordenine su lfa te 100 95.5 32.7 102.0
C hloroanilic acid 100 36.3# 35.6 110.9#
Erythrosin 100 36.5## 30.9 96.4
A* 5-Bi chloro--o-phenyl m e
diamine dihydrochloride 100 68*5## 33.2 103.6
Yeast hydrolysate 100 89.5#* 33.5 94,7
Malt extract 100 95.2 29.7 84.1
Peptone 100 100*5 33,1 93.8
Casein hydrolysate 100 93.3# 31.1 38*0
Soy protein byarolysate 100 95.8 35*1 99.2
Yeast extract 100 94.1 31.8 90.1
Hydroquinone 100 92,2# 31.0 87.8
Theobromine 100 90.9## 30.3 85.6
Betaine hydrochloride 100 92.5* 31.8 80.3*
Acetyl choline bromide 100 92.0# 35.4 89.4
S a lid n 100 95.3 37.0 93.2
Gramine 100 109.6# 41.1 120,3
Pyruvic aldehyde 100 76*2## 36*0 101,7
Phenylene diamine 110 73.6## 33.6 99.7
3-Indole a cetic  ad d 100 •50 OJMt 28.1 83.1
/0—Indole-3-propionic acid 100 29.1## 28*7 85,0
Indole butyric acid 100 31.6## 31.4 93*0
Goumaria 100 84.9# 31*4 93.0
5 97-Dihydroxy-4-metfayl
102.6 36.3eoumarin 100 107.7
7-Hydroxy-4-methyl eoumarin 100 63.7## 31.4 93.0
/^-Methyl uabellifcrone 100 48*2## 27.6 80.3*#
Umbelliferone 100 53.9## 31.8 92,5
Sodium d ieth yl dithiocarbamate 100 98.6 35.5 103,3
Creatine hydrate 100 96.6 37.6 106,1
Creatinine 250 92*5 45,6 105.1
* Significant at the 5% leve l of probability*
** Significant at the 1% lev e l o f probability*
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Summary Table X, (c a n t 'd .)
Average Boot Length 
Chemical Concentration Alone Combined with Ha 2*A«*D
ppm % ck* % ck* % 2,4~B
Protamine su lfa te 100 105*1 33*6 9$. 3
Desoxyribonucleic acid 100 103.7 33*1 96*9
Ribose nucleic acid 100 103*4. 30*1 88.3
Iron nucleate 100 105*4 36*0 105.4
Summary Table XX, Besults o f a Laboratory Bloassay to Determine the 
E ffect on Primary Boot Elongation o f Goto Germinated in Solutions 
o f Seventeen M tih lstam ialcs. Average Boot Length o f Com Germ­
inated in  5 ppa o f Na 2,4-B  -  36»2j6 o f Control#
Av* Boot Length -  % o f Control
Concentration (ppm)
Chemical 1000* 100** 10** 1**
Pyraben *&aime 46.1 100.2 93,7 104.6
Trimeton 45*0 103.9 96.9 105.1
Chlerotrimeton 33.5 63.4 92,3 90,9
A ntistine 30.9 105.5 106.3 105.7
Benadryl 31.5 91.3 98.2 93.3
Pyrroles©t« 27,3 73.5 97,9 99.2
Neohetrsaine 71.7 37,2 95.4 103,5
Hist&dyl hydrochloride 39.7 96.7 100.3 105.3
P e r t lll 33,7 107.6 104,3
Beoapryn succinate rnmm 101,7 99,8 100,0
Tagathen — 94.1 104.3 106.9
Theuylene — 39.7 99.2 110.1
D iatrin — 105.6 103,5 99.5
Thephorin — 96.0 103,3 95.3
Heoantergan — ■ 105.5 98,1 103.6
H ydiyllin — 79.4 101.2 102,6
*  5 rep lica tes  
* *  2 rep lica tes
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Summary Table H I* Results o f Laboratory Bioessays to Determine the 
E ffect on Com Primary Boot Klongation o f Various &iEyaaes or Co- 
ensymes. Chemicals Were Hsed Alone at the Concentration Shorn 
in  the Table, When Combined With a Solution of Na 2,4~B the 
f in a l Concentration o f the fta 2,4-B was 2,5 ppm, and the Final 
Concentration of the Test Chemical was One-Half That Shown in the 
Table*
~  r_r ’ f '...' ""n...' 1'" r : ’ '' ^' ' ' A i r e r a g e t s H g t b ’”"1 "
Chemical Concentration Alone Combined with Rm 2,4-D
PP» % Ck. i  ck* 4  2f4-D
Cocarboaylase 300 95.8 38*4 91.6
Oocarboaylase 100 110.7* 39.4 103.5
Cosysase 500 88.1** 33.1 98*1
Invertas* 100 98.3 32.2 93*6
Invertaae (no M elibiase) 100 91.9* 31.3 91*1
Lipase 100 90.4* 31*4 91.4
o<-Aaylase 100 92.1* 59.7 86.4*
^—Amylase 100 92.5* 28.5 82,8**
C&talase 100 98.0 3G.8 89*8
*  S ign ifican t a t the le v e l of probability,
** S ign ifican t a t the I t  le v e l o f probability.
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Summary Table XIII* Results o f Laboratory Bioaeeays to  Determine the 
E ffec ts  ob Com Primary Root "Ion gat ion of Five Fluorescent Chemi­
cals* Chemicals Were Rsed Alone a t  the Concentration Shown in the 
Table. When Combined With a Solution of Ra 2#4-D the Final Con­
cen tra tion  o f the Na 2,4~E> was 2*5 ppm* and the Final Concentration 
o f the Test Chemical was One-Half That Shown in the Table.
Average Root Length 
Chemical Concentration Alone Combined with Ra 2*4-D
ppm ri  cht. % cik. % 2,4-D
Fluorescein 100 74.3*# 29.5 105.7
Rhotiamine 100 34.7** 29.5 105.7
Resorcin blue 100 95.9 30.9 110.4
Sosin -  ? 100 30.1*# 27.2 97.3
Riboflavin 100 99.8 60.0 214.S##
Sodium 2,4-D 100 — . 28.0 100.0
*  S ig n ifican t a t  the 5% lev e l of p ro b ab ility . 
** S ig n ifican t a t  the l i  lev e l o f p ro b ab ility .
Summary tab le  XIV. Results of a Laboratory Bio assay to Determine the 
E ffect on Com Primary Boot Elongation o f  Sixiy-<3ne Miscellaneous 
Organic Ghemle&ls. Concentration of the Chemical I  hen Used Alone 
was 100 pp®. When Combined With a Solution o f ffa 2,4-B the f in a l  
Concentration of the Ha 2,4-B was 5 ppm and of the Test Chemical 
was 50 ppm.
Average Boot Length 
Alone Combined with Ha 2j4~B
& ck. % ck. % 2t4~B
Aceto&cet&niiide 103.3 48.5 99.2
Acetooyl acetone 120.6 43.5 99.2
Benzyl *Gello8olve* 114.7 57.7 113.0
Butyl alcohol 112.3 46.9 95.9
Butyl •CarMtol* 30.0 49.2 100.6
Butyl "Cellosolve* 38. A 45.3 92.6
l f3*Buiylene Glycol 92.9 45.0 92.0
n-Butyrlc ad d 113.5 47.3 96.7
Butyric anhydride 114.4 43.9 100.0
•C arbitcl* 127.5 47.6 97,3
*Carbitol# acetate 93.6 42.5 86.9
•CelloeolTe" 106.4 50.6 103.5
•C ellosolve" acetate 111.2 43.0 93.2
Crotonaldehyde 123.4 48.3 98,8
Crotonic acid 117.9 49.9 102.0
Crotonyl alcohol 116.3 47,8 97.3
Biacetone alcohol 153.3 49.9 102.0
Bibenzyl 107.9 42.2 86.3
Dlethanolamine 107.2 46.7 95.5
Diethyl •Carbitol* 105.6 45.1 92,2
B iethyl "Cellosolve" 101.1 46.7 95.5
Biethyl su lfa te 113.1 51.0 104.3
Bietfcylene g lyco l 115.7 45,7 87.0
Blethylene glycol diacetate 96.0 51,9 106,1
Diethylene triamine 113.4 49.0 100.2
B iglycol chlorbydrin 113.1 30.3 79.5
Di—i  sopropenolsmine 108.2 49.4 101.0
Dimethyl tetragly col 111.9 46.0 94.1
Dimethyl dioxane 120.7 43.5 99.2
Dioxane 1H .6 50.6 103.5
Bioxalone 102.0 39.6 103.9
Bipropyiene glycol 109.0 52.9 103.2
Ethyl acetoaoetate 95.5 39.1 102,0
Ethyl borate 106.8 40.1 105.3
Ethylene chlorhydrin 112.2 59.6 121.9
Ethylene diamine 93.8 51.0 104* 3
Ethylene g lyco l s ilic a te 96.9 48.0 93.2
Glycol d iac e ta te 102.1 43.7 89.4
Hydroxy e thy l ce llu lose 100.0 38.4 100,8
Hydroxy ethy l ethylene diamine 35.4 48.0 98.2
Isophorone 100.1 51.1 104.5
Isopropanol 113.4 49.7 101.6
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Summary Table XIV. (caat*d.)
 Average"Root Length
Chemical Alone Combined with Ha 2,4—$
?f ck. % ck. % 2 ,4-0
Methyl ace toacetate 89.3 52.7 107.8
Methyl •C arbitol* 102.1 47.6 97.3
Methyl "Cello solve" ace ta te 76.0 43.4 88.3
Methyl dioxalone 90.3 39.1 102.6
Methyl-3-hydroxybutyrate 91.0 43.0 87.9
Menoi sopropanolamine 95.1 45.5 93.1
Morpholine 95.9 43.2 113.4
Octyl alcohol 93.7 41.4 78.9
Phenyl "Cellosolve* 110.5 36.1 94.8
Phenyl ethanolamine 44*$ 51.7 105.7
Piperasine 79.9 38.3 73.0
Propylene diamine 82.0 54.1 U 9 .6
Propylene glycol 95.1 59.8 122.3
Propylene oxide 85.4 35.0 91.9
Tetraethanol ammonium hydroxide 95.4 42.5 86.9
T etrsethylene glycol 65.8 48.3 98.8
T etraethyleae pentamine 76.7 40.3 105.8
Triethylene tetram ine 73.9 44*4 $4.6
Tri-isopropanolamine 72.5 44.9 85.5
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Summary Table XV* Comparison o f the Standard Errors Derived From a 
Bioassay to  Determine tbs E ffect on Com Boot Elongation o f Treat-* 
meat o f Him© Com S tra ins With a Solution o f 2 ,4-B During Germina­
tion# Three Beplicates of Each T est.
Variety Mean Square S t. Error Mean
White Taxpen 1*98 1*41
£37-2 x £503 2 .2 9 1.51
144 x £2-2 11.05 3.33
£90 z  £91 3*53 3.12
L501 x  £503 1*89 1.38
£90 x £92 9*74 1.38
f  x  6UI x £503 1.56 1.25
?  x 6111 x £10 12.04 3.47
T x 6111 x T x  197-2 5.84 2.41
Total 4.9.9$
B rand t's  t e s t  fo r  sign ificancet 
C alcu la tions1
p . 196 Snedecor, Geo# S ta t i s t ic a l  Methods, C olleg iate  Press, Inc.
Ames, Iona, 1937#
X^g(a-»l)v» whore v i s  any observed variance among n variances and u i s  
u th e ir  th e o re tic a l variance#
Sum of variances *  49*92
Sam of Squares of Variances * 423*6634
Correction (sum) V nuaber, (49.92) V 9 *  276.8896
Sum of squares, (n - l)v  » 146*7788
lean  square, v * 18*3474
T heoretical variance, u * 2((49*92,/9)2}
4
Is# 146.7788 * 146.7788
2(4 9 .9 ? /9 )^ /4  15.3830=9.54
P robab ility  of 30< ■ 9.524
P ro b ab ility  of 20% = 11.030
Since d ifferences as la rge  as those found by th is  analysis could occur 
through chance from 20 to 30% o f the time i t  i s  concluded th a t the 
ind iv idua l e rro rs  could have been derived from a homogenous population* 
The use o f White Tuxpsn as the te s t  varie ty  is  ju s t if ie d  from these 
r e s u l ts .
a
Summary Table 171* Results of a Test to Compare the E ffect o f Ascorbic 
Acid and B-iso^As corbie Acid Alone and Combined with 2.5 ppm of 
2#A-*I> cm Boot ^longaticm of Com Seedlings. B-iso-Ascorbic Acid 
and Ascorbic A dd Used a t  the Concentration Shown in  the Table.
-IT-T' T - ri r-- ' L Average R od L@figth,in',r " rr
Chemical Concentration Alone Combined with TCa
ppm % ck. % ck. 2jA"-I5
500 87.0 36.9 111*8##
Ascorbic a d d 250 97.0 32.0 96.6
50 97.9 32,9 99.3
1000 72.6#* mm*
500 38. A* 3A.1 103. A
D-iso-As corbi c acid 333,5 — 33.0 100.0
100 95.6 —
50 30.4 92.3
♦  S ig n ifican t a t  the 5% lev e l of p ro b ab ility . 
** S ig n ifican t a t  the ltf lev e l of p ro b ab ility .
Soaaary Tibia XVXX« Reaolta f  a Bloasaay to DettT*iaa tha Bffaeti 
ea Cacnabar Boot H aogatloa * f Solutions o f B ib ofltv in , Aaoorbic 
Acid and B-ieo-Aacorbic Add Alone and Combined Singly with 
The fe a t Chemicals faro Seed a t a Concentration o f $0 ppn. The 
2,4^-B was Used a t a Concentration o f 2.5 ppsu
0
Concentration o f 2,4~B
<pp»o 
0.05 0 .25  
_ Atm-m * Boot Length
0.50
1 Ok. % Ck. $ Ck. i  Ck. .
R iboflavin 1X2.0 98 .4 90.1 89.4
Ascorbic Aeid 87.7 65.4** 23.4** 15.5**
B-iso-Aecorbic la id 109.7 58.6** 19.1** 13.1**
Sodlm  2,4-1) eama 55.5** 16.2** 13.1**
*  S ign ifican t a t title 5# le v e l o f probability  
** S ign ifican t a t the I t  le v e l o f probability
SUWHU7  S hu*  x r a i .  ’Results of* Bioass&ys with Several Solutions 
Containing D ifferen t Amounts o f Riboflavin Alone o r Combined 
w ith 2 ,4-0 .
Treatment Average lo o t Length




10 v /ee  Rbf.t 93*5 103*1 108.1 94*2
T ir s t 5 ppm 2,4-B 25.3 27.0 31.3 27.3
Sspt. 5 ppm 2,4-X> 4* 10 v/cc Rbf. 24.5 25.7 25.5 22.2
5 ppm 2 ,4-0  +300 v /cc  Rbf* 61.9 64.8 28,1 24.5
5 pp® 2,4-B +503 v /cc Rbf* 74*7 78.2 33.0 28.8
Cheek 102.6 105.9 «MMV
5 ppm 2 ,4-0  + 10 v/cc Rbf. 33.1 32.3 36*8 34.7
Second 100 v /ec  Rbf* 37*1 84.9 94.0 88,8
Sept* 500 v /ec  Rbf* 73.6 76.6 ewe*
1250 v /ce Rbf. 77.3 75.3 107.3 101.3
2500 v /cc Rbf. 31.7 79.6 105.5 99.6
Check 51.2 56.2
5 ppm Ha 2,4-D 25.4 49*6 27.2 46.4
th ird *
gxpt.
5 ppm Ha 2,4-B + 500 v/cc 
Rbf*. 47.2 92.2 31.6 36.2
5 ppm Ha 2,4-D + 750 v/ce 
Rbf. 46.8 91.4 33.3 S9.3
#  Root measurements mad© 24 hours e a r l ie r  than in Expts. 1 and 2* 
t Rbf* st Riboflavin
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Summary Table JJX. Results of a  Test to Measure the E ffect of Four Chemi­
c a ls  on S tas Elongation, Stem Bending, Treated Leaf Bending, P ro life ra ­
tio n  and M odification of Treated Tomato P lan te , Test Replicated Three 
Times. Test Chemicals Used a t  0.1* and 1*0# Alone and in  Combination 
with 0.01J6, 0.116 and 1.0* Sodium 2,4-D. a) Stem Elongation.
Average Stem Elongation
Dayi3 a f te r  treatm ent
Treatment 5 10 14 5 10 14
B I t 108.5
$ ck.
6 4 .6 71.2 •meiw
* 2,4-B
B .1 120.2 118,4 116.6 mm* —
E .01 108,2 110.4 110.0 —
A 1 104.4 101.3 96.7 —
A .1 104.4 103.0 99.5 — •m m
E 1 A 1 98.5 76.2 61.8 90,8 118.0 36.8
E 1 A .1 113.8 95.2 75.5 104.9 147.4 106.0
1 .1  A 1 1 U .9 116.0 120.1 95.6 98.0 103.0
B .1  A .1 113.8 1X6.0 116,6 94.7 98,0 100.0
E .01 A 1 99.7 100.4 100,2 92.1 90.9 9 1 .1
E .01 A .1 96.2 100.4 98.1 88,9 90,9 39.2
B 1 100.8 98.7 96.1 mrnrn m*m
B .1 102.0 99.6 95.4 —
I I B 1 92.7 72.7 59.7 85.4 1 1 2 .5 83.9
B I B  .1 96.2 75.3 64.5 88.7 116.6 90.6
E .1  B 1 106.8 103.0 102.9 88.9 87.0 88.3
I  .1  B .1 107.9 84.0 72.7 89.8 70.9 62.6
E .01 B 1 119.6 111.7 109.1 110,5 101.2 99.2
E .01 B .l 100.8 102,2 101.6 93.2 92.6 92.6
C 1 100.8 90.9 87.2 — «■*«* mrnm
C .1 106.8 94*4 98.8 ***** m*m
8 1 C 1 90.3 73.6 59.0 83,2 113,9 82.9
E 1 C .1 93.8 71.8 61.1 86.5 111,1 85,8
E .1 C 1 86.8 70.1 62.5 72.2 59.2 53.6
E .1  C .1 103.2 83.1 74.B 85.9 70,2 64.2
B .01 C 1 114.9 106.5 109.1 106,2 96,5 99.2
S .01 C .1 105.6 97.8 100.2 97.6 88,6 91.1n 98.5 95.2 96.1 •mum —
D .1 106.8 104.8 102.9 *m*B mm*
S 1 D 1 134.9 121,2 96.8 124.3 187,6 136.0
E l  B «l 131.4 97.0 81,6 121.1 150.2 114,6
E .1  D 1 111.4 110.0 111.2 92,7 92.9 95,4
I  .1  D .1 120.8 123.0 124.9 100.5 103,8 107.1
E .01 B 1 103.2 103.0 100.2 95.4 93,3 91.1
E .01 D .1 110.3 109.1 111.9 101.9 98.8 101.7
Legend
A * Riboflavin 
B m B~i so—A6corbic Acid 
C * Ascorbic Acid 
D 86 Sodium d in ltro —o—cresol 
£ « Sodium 2,4-D 
t  Numbers following l e t t e r s  represent percentage concentration.
Summary Table XIX (oont*d ,)
b) Stem Bending and Treated Leaf Bending*
Treatment
Average
Stem Bending Treated Leaf Sending
Sours A fter Treatment
5 24 4$ 72 5 24 72
Check 0 0 0 0 0 0 0 0
£ I t 3 3 3 3 3 3 3 3
£ .1 2 3 2 1.5 2 1 0 0
£ .01 1 1 0*5 0.75 1 0 0 0
4 1 0 0 0 0 0 0 0 0
4 .1 0 0 0 0 0 0 0 0
£ 1 4  1 2 3 3 3 3 3 3 3
£ 1 4 , 1 3 3 3 3 3 3 3 3
£ • 1 4 1 1 1 2 1 1 1 1 0
£ .1  A ,1 2 2 1 0 1 0 0 0
2 .01 A 1 0 0 0 0 0 0 0 0
E .01 4 .1 0 0 0 0 0 0 0 0
B 1 0 0 0 0 0 0 0 0
B .1 0 0 0 0 0 0 0 0
E 1 B 1 3 3 3 3 3 3 3 3
£ 1 B .1 3 3 3 3 3 3 3 3
e * i b i 1 2 2 0 2 2 2 0
E .1  B .1 3 3 3 3 3 3 3 3
B .01 B 1 2 2 2 0 2 1 X 0
£ *01 B .1 0 0 0 0 0 0 0 0
C 1 0 0 0 0 0 0 0 0
C .1 0 0 0 0 0 0 0 0
E 1 C 1 2 3 3 3 3 3 3
E 1 C .1 2 3 3 0 3 3 3 3
E .1 C 1 2 3 3 3 3 3 3 3
£ .1 C .1 3 3 3 3 3 3 3
£ .01 C 1 3 2 2 0 2 1 1 0
£ .01 C .1 1 2 2 0 2 1 1 0
D 1 0 0 0 0 0 0 0 0
B .1 0 0 0 0 0 0 0 0
S 1 D 1 0 2 1 2 1 1 2 2
£ 1 D .1 2 3 3 3 3 3 3 3
£ .1  D 1 0 0 1 1 0 0 1 1
E .1  D .1 0 1 1 1 1 1 1 0
E .01 D 1 0 0 0 0 0 0 0 0
E .01 D .1 0 0 0 0 0 0 0 0
0 *  Ho response
1 = S lig h t
2 * Moderate
3 * Marked
f  numbers follow ing l e t t e r s  rep re sen t percentage concentration*
B
Summary Table 1X2 (e©htfd .) 
e) P ro life ra tio n  and Modification*
Treatment Average P ro life ra tio n Average M odification
Check 0 0
S I t A. 3 0.3
1 *1 1.7 3.2
E .01 0 2.3
A 1 0 0
a .1 0 0
I 1 A 1 5 0.3
S l i d A* 3 0
s  a  a i 0 .3 3
X .1  A .1 0 3
X *01 A 1 0.3 0
X *01 A .1 0.3 0
B 1 0 0
B .1 0 0
E 1 B 1 5 0
X 1 B .1 5 0
X .1  B 1 0.3 3
x . 1  b a A 1.3
X .01 B 1 0 3
X *01 B .1 0 0
C 1 0 0
c .1 0 0
X 1 C 1 5 0
X 1 C .1 5 0
X .1  C 1 5 0
E .1  C .1 A 1
E .01 C 1 0.3 2.7
E .01 C .1 0 3
D 1 0 0
D .1 0 0
X 1 D 1 2.7 0.3
X 1 D .1 3*3 0
g .1  D 1 0 2.7
g .1  V .1 1 3
E .01 D 1 0 1
X .01 0 .1 0 1
0 * Ho response
1 * Very s l ig h t
2 « S ligh t
3 * Moderate 
A * Harked
5 ** Maximum
t  numbers following l e t t e r s  represent percentage concentration.
5 0
Summary Table XX. Resu its  of Bioassays to Determine the E ffect on Coro 
Root Elongation o f Treatment in  l ig h t  and Dark With Solutions Con- 
t&ining R iboflavin,
Average Boot Length
Treatment______________  Light_____  Dark
(saa; (mm)
Cheek 99.1 110.3
10 gammas/cc R bf.t 98.5 108.1
100 gammas/cc Hbf. * 37.1 94.0
$00 gaamas/cc Rbf. 73.6
1250 gasmaa/ec Rbf. 77.3 107.3
2500 gamm&a/cc Rbf* 81.7 105.5
t Rbf. «  Riboflavin
SISCUfSIOK
Ih  te s tin g  several hundred chemicals in a search for on© o r more 
th a t  would counteract the e ffe c t o f ?,4~B on germinating: corn seed, two 
have teen  found th a t  would do so. One o f these chemicals also i s  ef­
fe c tiv e  in  counteracting the roo t elongation in h ib itio n  re su ltin g  from 
treatm ent o f germinating cucumber seedlings by so lu tions o f 2,4—B and in  
counteracting the responses induced in  young tomato p lan ts  by 2,4-B 
treatm ent.
In the course o f th is  research the e ffe c ts  of many chemicals no t 
previously  reported , have been observed.
The mechanism o f 2,4-E ac tio n , while s t i l l  undefined, has been shown 
to be c lo sely  re la te d  in  d if fe re n t species by the fac t th a t treatm ent by 
one of the chemicals found to  be e ffec tiv e  in counteracting roo t elongation 
in h ib itio n  in  corn also proved e ffec tiv e  in  counteracting the same response 
in  cucumber and several o ther responses of tomato p lan ts .
The re s u lts  of these experiments w ill be discussed in the order in 
which the tab les  cont&inirg these re su lts  occur, where possib le .
finee  the method described by Swanson(86) was somewhat modified fo r 
use in  th is  research , two poin ts in question had to be c la r if ie d . One of 
these d e a lt with the response of a d iffe re n t varie ty  of com than th a t 
used by Swanson. I t  waa no t certa in  th a t such & change would no t in v a li­
date the b ioasray . When the re su lts  of a te s t  designed to show the amount 
o f in h ib itio n  of primary roo t elongation of corn seedlings re su ltin g  from 
treatm ent by several d iffe re n t concentrations of 2,4-B are p lo tted  on
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sem i-logarithm ic paper, the curve shown 1b Figure 1 resu lts*  This curve 
i l l u s t r a t e s  th a t in h ib itio n  i s  a function o f 2,4-B concentration and th a t 
the  g re a te s t  s e n s it iv ity  o f response l i e s  between the concentrations o f 
1-5 pp® 2,4-X>. Between these concentrations the s l ig h te s t  d ifferences 
in  the e ffe c tiv e  concentration would be re fle c ted  in  the g re a te s t d if­
ference in  ro o t elongation. The data re su ltin g  from th is  te s t  are brought 
together to  comprise Summary Table I .
1be second question which arose was the v a lid ity  of using an open- 
p o llin a ted  v a rie ty  fo r the t e s t  p lan t. I t  was f e l t  th a t to© heterogeneity 
o f the genetic  makeup o f the s«ed would possibly influence the v a r ia b il i ty  
in  response of the seed to 2,4—D. In order to determine whether or not 
use o f a corn v a rie ty  having a known genetic  background would influence 
th is  response, a t e s t  was performed where the response to 2 ,4-I! of several 
d if fe re n t  crosses were compered with th a t o f White Tuxpan, yhen these 
data were analysed by Brandt*s method of comparison(83) for significance 
of the d ifference  between th e ir  variances, i t  was shown th a t the v a ria b il­
i ty  obtained with White Tuxpan was no t s ig n if ic an tly  d iffe re n t from those 
obtained with the c rosses. Analysis demonstrated th a t d ifferences in  the 
s ize  o f the variances of the crosses as large  as those obtained would 
normally be obtained between 20 and 30 f  of the time i f  the seed were drawn 
from a homogeneous population. The re s u lts  of th is  te s t  with the cal­
cu la tio n s discussed are contained in  Nummary Table JV,
The fa c t th a t d ifferences have been shown to e x is t between v a r ie tie s  
o f corn(37, 74) did not influence the choice of White ThXpan as a t e s t  
variety*  £Ven though an inbred com v arie ty  might be more sensitive  to a 
given concentration of 2,4-D, th is  could be circumvente d by simply using 
a higher concentration of 2,4-£ with White Tuxpan, 81nce the 2 ,4 -D was
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employed well above a threshold  value .for the response measured, any 
major reduction in  th is  response coming about through the e ffe c t o f another 
chemical in  combination with 2,4-D would be highly s ig n if ic a n t. Small bu t 
s ig n if ic a n t  reductions in  in h ib itio n  obtained by combination treatm ents 
eould be fu r th e r  explored by increasing the concentration of the te s t  chem­
ic a l .
The re s u l ts  o f te s ts  tre a tin g  corn seedlings with various carbohy­
d ra te  sources with and without 2,4-D are  found in  Summary Table I I .  These 
re s u l ts  in d ic a te  th a t under the conditions of these experiments carbohy­
d ra tes  have no pronounced e ffe c t on roo t elongation. Combinations of these 
carbohydrates with 2,4-D does no t a l te r  the in h ib itio n  re su ltin g  from the
2,4—B treatm ent. Since these carbohydrates were used within the lower 
concentration l im its  defined by Buratrom(l3) as being e ffec tiv e  in promot­
ing ro o t e longation , these re s u lts  would seem to substan tia te  the s ta te ­
ments made by Taylor(39) and Basraussen(71) to the e ffe c t th a t depletion of 
carbohydrate reserves was not a cause e ith e r  of death o r o f the other 
abnorm alities re s is t in g  from treatm ent of p lan ts  by toxic concentrations 
o f growth-regul& tors•
Repeatedly, IAA has been linked with tbs metabolism of the four-carbon 
acids through some influence on the tricarb o x y lic  acid cycle of S2©nt- 
Qyorgi o r through the Krebs cycle(6 , 16, 17, 4-0, 66, 78, 81, 97). I t  has 
been shorn recen tly  th a t 2,4-D influences organic acid metabolism(67).
This would seem to ind ica te  th a t e ith e r  both chemicals a c t sim ilarly  or 
th a t  o n e  o f  them, 2,4-D, destroys IAA. Goldacre has s ta ted  th a t 2,4-D does 
no t d o  so d ir e c t ly (33). Be suggested th a t 2,4-D in h ib its  a n a tu ra l inh ib i­
to r  o f  I A A - o x i d a 3 e  thus allowing an increased ra te  of destruction  of IAA.
Corn tis su e s  are  generally low in  IAA with the exception of the kernel
u
which has been reported to  be an unusually rich  source of IM(8A, 83)»
Assuming th a t  the supply of IAA ava ilab le  to the germinating com seedling 
mas no t a lim itin g  fa c to r , then additions of the four-carbon or t r ic a r ­
boxylic acids should reduce the in h ib itio n  re su ltin g  from 2,4-8 treatm ent, 
i f  2 ,4 -8  in te r fe re s  with the metabolism o f these chemicals* In Summary 
Table I I I  may be found the r e s u lts  o f te s ts  with several organic acids*
8one of these ac id s, when combined with a so lu tion  o f 2 ,4-8 , reduced the 
in h ib itio n  induced by 2,4-8* These re s u lts  agree with those obtained 
by West and Henderson(103) •
Of fu r th e r  in te re s t  a t  th is  point a re  the reports of Worth and 
McCabe (108) Hsu eh and Lou (41) and Lou and othars(52) on the e ffe c t of 2,4-8 
on p lan ts  capable of liv in g  anaerobically . Baldwin(5 ), in an i l lu s t r a t io n  
o f the tr ic a rb o x y lic  acid  cycle, has shown where various in h ib ito rs  block 
th is  eycle . In th is  i l lu s t r a t io n ,  anaerobiosis i© shown to be an in h ib i­
to r  o f the oxidation of ie o - c i t r ic  acid . This in h ib ition  might re s u lt  
as a  consequence o f in h ib itin g  the ensyme, i s o - c i t r ic  dehydrogenase or the 
coenzyme, coenzyme I I .  Thi? blocking of the cycle would re s u lt  in  an 
Immediate deficiency In  oxalosuccinic acid and a s lig h tly  more delayed 
deficiency of alpha-ketoglut& ric ac id . Yet additions of th is  l a t t e r  
compound did not reduce the in h ib itio n  induced by 2,4-8 treatm ent. I f  
the coenzyme was in h ib ite d , more than one enzyme system would be a ffec ted , 
and add itions o f organic acids would not bs e ffec tiv e  In counteracting 
the  in h ib itio n  re su ltin g  from 2,4-8 treatm ent.
Several authors have studied the e ffe c t of various p lan t growth- 
reg u la to rs  on phosphate metabollsm(6, 15, 19, 65, 70, 72). In order to 
c la r ify  these rep o rts , com seedlings were trea ted  with end without 2,4-8 
com bin ed  with those organic phosphate© which function in the conversion
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o f complex polysaccharides to simpler compounds. Hone of these reduced 
the  in h ib itio n  o f ro o t elongation induced by ?,4-D. Ihen used sing ly , many 
o f them in h ib ited  roo t elongation. These result©  ind icate  th a t, i f  £,4»B 
in te r fe re s  w ith phosphate metabolism causing in h ib itio n  of roo t elonga­
t io n , th is  in h ib itio n  cannot be a lle v ia te d  by additions o f organic phos­
phates* F urther, they show th a t depletions o f energy-rich phosphates 
such as adenosine triphosphate probably do not occur in  trea ted  p lan ts ,
M other possib le  fac to r in  ro o t elongation i s  a s h if t  in  the concen­
tra t io n  o f c e rta in  amino ac id s, as suggested by the work of several 
a u th o re d , *2, 75, 99).
The re s u l ts  o f a se r ie s  o f te s ts  with amino acids used singly and 
in  combination with 2,4-D are contained in  Summary Table 7. Of those 
te s te d , D-isoleucine stim ulated roo t elongation when used alone, while 
severa l o thers in h ib ited  roo t elongation, Ghosh and B urris(32) and Audus 
and Q uaatel(l) a lso  have reported in h ib itio n  of roo t elongation by cer­
ta in  amino ac id s. Several amino acids used in  combination with f,4-D 
re su lte d  in  an increased roo t in h ib itio n . L-M e th i  on in e , s ig n ifican tly  
reduced the in h ib itio n  induced by 2,4—£. When used alone, th is  amino 
acid  in h ib ited  ro o t elongation.
S e ll end co-worker a (75), have s ta ted  th a t most o f the carbohydrates 
lo s t  following treatm ent of the bean p lan ts  with 2,4-D are used in protein 
sy n th esis . In these experiments, many of the elpha-amtno acids inh ib ited  
ro o t elongation. Since these amino acids are reputedly the most important 
fo r  p ro te in  sy n thesis , i t  would seem bh ; t  the statement by Sell and co­
workers should be q u a lif ied .
The re s u l ts  of te s ts  using vitam ins alone and in combination with
2,4-B are  contained in Summary Table VI* This work was prompted by &
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re p o rt made by Lueek© and o th e rs(53) describ ing losses in thiam in, ribo­
f la v in , n ic o tin ic  acid  and carotene as well as a gain in pantothenic acid 
following treatm ent o f bean plants* In general, roo t elongation was no t 
a ffec ted  by vitam in additions* Four of the vitam ins tes ted  inh ib ited  root 
elongation when used alone* Two o f  the vitam ins increased the in h ib itio n  
induced by ?,A-E. However, rib o flav in  decreased the in h ib itio n  induced 
by 2,4-D*
then the e f fe c t  o f r ib o fla v in  was more in tense ly  studied i t  was found 
th a t ,  by increasing  the concentration of r ib o fla v in , the in h ib itio n  of 
ro o t elongation Induced by a so lu tion  containing 5 ppm of could be
reduced to  the p o in t where the tre a te d  roots were almost as long m  those 
o f the  water controls* These re s u lts  a re  contained in  Summary Table XVIII 
and a re  g raph ically  portrayed in Figure 2.
This graph i l lu s t r a te s  the f a c t  th a t rib o flav in  does not e ffe c t any 
reduction o f 2,4*~D in h ib itio n  unless used in  the l ig h t .  Thus, reduction 
o f ro o t in h ib itio n  is  not due to overcoming a vitamin deficiency in the 
ease of r ib o fla v in  used in  the l ig h t ,  since treatm ent in the dark with 
so lu tions containing rib o flav in  and 2,1-D resu lted  in no marked increase 
in  ro o t elongation*
Examination of the data in  Summary Tables XFIII and U  or in  Figure 3, 
i l l u s t r a te s  the finding th a t the use of rib o flav in  alone in the l ig h t  
r e s u l ts  in  s lig h tly  sh o rte r roo t lengths than those of the con tro l. Treat­
ment in  the d a rk  yielded ro o t l e n g th s  » s e e u t ia X ly  th e  a s  those ob­
ta ined  with the con tro l.
R i b o f l a v i n  has been reported to e ffec t the photo-oxldation of many 
physio log ically  ac tive  chemicals as well as several e n z y m e s  (23, 26, 27, 28, 
55). I t  has been postu lated  th a t ribo flav in  a c ts  ee a hydrogen-carrler 
i n  the photo—oxidation o f IAA(26). Galston(26) s ta te s  th a t riboflav in  can
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be rev e rsib ly  oxidised and reduced. Ferri(23) end Gals ton (27) have found 
th a t  o ther fluo rescen t chemicals could function in  the photo-inac tiv a tio n  
o f IAA. However, when several such chemicals were tes ted  in  th is  research, 
only r ib o fla v in  counteracted 2,4-D inh ib ition*  The re su lts  of th is  te s t  
a re  contained in  Summary Table H I .  These re s u lts  in d ica te  th a t the 
a f f e c t  of r ib o fla v in  and o ther fluorescen t chemicals, which function in  
the photo—oxidation  of IAA, i s  d if fe re n t from th a t found using rib o flav in  
in  l ig h t  with 2,4-1),
The r e s u l ts  o f te s ts  with several an t  im e tabo 1 i  t  a s are brought 
to g e th er to comprise Summary Table H I .  From these re su lts  the in te rp re ­
ta t io n  can be made th a t  the vitamin an tagonists are generally without ef­
f e c t  on ro o t e longation. The re s u l ts  obtained through use of alpha- 
p ic o lin ic  acid  in d ica te  th a t th is  chemical must have an e ffe c t on a 
vitam in o th er than n iac in , since o ther an tagonists of n iacin  metabolism 
have no e ffe c t  on roo t elongation. The two amino acid antagonists both 
in h ib ited  ro o t elongation when used alone. The in h ib itio n  by e th ionlne, 
an an tagonist o f methionine metabolism, proved to be additive  to th a t of
2,4-D. This r e s u l t  i s  in  agreement with the re su lts  obtained in  te s ts  
with methionine. Thus, i t  i s  indicated  th a t methionine metabolism is  
in te r fe r re d  with by 2,4-B snr] th a t methionine i s  e ssen tia l to the root 
elongation mechanism.
A xanthine antagonist was without e ffe c t on root elongation while 
an tagonists of guanine, adenine and hypoxanthine inh ib ited  roo t elonga­
tio n  when used alone. In terference  with adenine and hypox&nthine metabo­
lism  resu lted  in  a g rea te r in h ib itio n  of roo t elongation in the combina­
tio n  treatm ent than th a t obtained with 2,4-P alone. This would ind icate  
th a t  metabolism of the pyrimidines was not influenced by 2»A~D treatm ent.
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Ihen the r e s u l ts  o f te s ts  with tw enty-eight ©naym© inhibitor® , 
brought together in  Summary Table V III* are examined, i t  i s  obvious th a t 
aaay of them can e ffe c tiv e ly  in h ib i t  roo t elongation* Two of them could 
reduce the  in h ib itio n  re su ltin g  from treatm ent with 2,4-EU One in te rp re ­
ta tio n  o f these r e s u l ts  i s  th a t  2,4~B e ffe c ts  a maximum in h ib itio n  so 
th a t  most o f the in h ib ito rs  cannot exert an a d d iti tlv e  inhib ition*  Where 
c e r ta in  of the in h ib ito rs  did produce an add itive  in h ib itio n  i t  could 
be in fe rred  th a t the enzyme systems these in h ib ito rs  a ffe c t were s t i l l  
in  operation and were unaffected by 2,4-1) treatm ent.
Tests involving purines and pyrimidines did not produce any sub­
stance capable o f reducing 2,4-D inhib ition* Several of these substances 
in h ib ited  ro o t elongation when used alone. The significance o f th is  in­
h ib itio n  i s  not known. The re s u l ts  of these te s ts  are compiled in Summary 
Table IX.
Although i t  was thought th a t  additions of enssymes to solutions used 
to grow corn seedlings would prove valueless due to the size  of the mole­
cule involved, several o f these were t r ie d .  Only on© of them, ca te lase , 
had no e f fe c t  on root elongation when used alone* All o f the r e s t  o f the 
ensymes, with the exception of cocarboxylase, reduced roo t elongation 
when used alone. Cocarboxylase stim ulated roo t elongation e ith e r when 
used alone or in  combination with 2,4—D. The amount of stim ulation re ­
su ltin g  from use o f co carboxylase in  combination with 2,4—I) was not sig­
n if ic a n tly  d iffe re n t from the 2,4-D con tro ls . How such a molecule as 
la rg e  as an enzyme a ffe c ts  root elongation i s  not known. Perhaps these 
a l t e r  the perm eability  of the c e ll wall of the roo t and, thus, in te rfe re  
in  some way with the uptake o f water. The re su lts  of these te s ts  are 
brought together to  comprise Nummary Table XII.
»
The re s u l ts  of te s ts  o f several miscellaneous chemicals are  brought 
together la  Summary Tables X, XI, and XIV* In the f t r s t  of these tab les 
the r e s u l ts  obtained in  te s ts  o f some forty  miscellaneous blo-chemicals 
are  recorded, i&oae of these bio-chem icals produced any notable effects*
Carson and Campbell (14) have shown th a t an tih istam in ics are capable 
o f in h ib itin g  the growth o f fungi pathogenic to man* In Summary Table XX 
a re  found the re s u lts  o f  te s ts  with sixteen an tih la tan ln ies*  These were 
a l l  capable o f in h ib itin g  roo t elongation when used a t  1000 ppm. Some of 
these a re  capable of in h ib itin g  ro o t elongation a t  lower concentrations* 
D ifferences are  evident between the amount o f  in h ib itio n  of roo t elongation 
produced by these chemicals. I t  would be in te re s tin g  to compare th e ir  
e ffec tiv en ess  as ro o t elongation in h ib ito rs  with th o ir e ffectiveness as 
antihist&m inies* That d ifferences e x is t  between these an tih istam in lcs in  
th e ir  c l in ic a l  e ffectiveness has been reported in  a publication by Leonard 
and B u ttre r(4 3 )• i f  i t  could be firm ly estab lished  th a t there was a 
c o rre la tio n  between root elongation inh ib ition , and c lin ic a l  effectiveness 
i t  would provide a rapid  method of evaluation of an tih istam ln ies fo r drug 
use*
The re s u lts  of experiments with ascorbic acid and B-iso—a scorbic acid 
are brought together to comprise -Summary Table XVI* ??hen comparisons are 
made between the re s u lts  obtained using several concentrations of both 
ascorbic acid  and ly-iso-as corbie acid , i t  if? evident th a t ascorbic, acid 
reduce roo t elongation in h ib itio n  only when i t  i s  used a t  a concen­
tra t io n  of 500 epm. D -iso-ascorbic acid inh ib ited  roo t elongation when 
used alone a t  500 and 1000 ppm. Ascorbic acid i s  known to function a (; a 
hydrogen donor* West and Henderson(103) have stated  th a t ascorbic acid 
rep resses r e s p i r a t i o n .  They al.-o postu la te  that in h ib its  an oxidase
system In blue lupine seedling roo ts and th a t the balance of resp ira tio n
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i s  carried  on by some "extra 2,4-B11 eystea not involving ascorbic acid 
oxidase. Since ascorbic acid  i s  the hydrogen donor in. the ascorbic acid 
oxidase system, the oxidase system could be inh ib ited  by 2,4-B through 
an in te rfe ren ce  with th is  function of ascorbic ac id . I t  would follow 
th a t  add itions o f ascorbic acid might tend to o ffse t a t le a s t  p a rt of the
2.4—B in h ib it io n , th a t th is  might be so ban been demonstrated by the 
re s u l ts  o f th is  experiment,
When an attem pt ma?; made to extend the e ffe c t of combinations of
2.4—B with ascorbic acid and rib o flav in  on roo t elongation to the same 
response in  another p la n t, i t  was found th a t only ribo flav in  could counter­
a c t  the in h ib itio n  of roo t elongation re su ltin g  from treatm ent o f cucum­
ber seed with 2,4-B during germ ination. The re su lts  of th is  te s t  are 
contained in  Summary Table XVII and are portrayed graphically  in Figure 4*
The effec tiveness of rib o flav in  i s  s tr ik in g ly  shown in the curves resu ltin g  
from p lo tt in g  ro o t elongation against 2,4-B concentration, 0™e of e ith e r  
ascorbic aeid  o r D -iso-ascorbic acid did not e ffec tiv e ly  change 2,4-B 
in h ib itio n . So s ig n if ic a n t d ifference  exist,* between the ribo flav in  ♦
2.4—B treatm ent* and the water con tro ls ,
Through the generosity  of Dr, A, f ,  Hitchcock and ?4r. Henry Kirk­
p a trick  in helping der.ign the experiment and measure the responses ob­
ta in ed , the author was a b l? to include in th is  r?se: rch a preliminary ex­
periment of the e f fe c t  on tomato p lan ts of treatm ents with four chemicals 
combined singly with 2,4-B* Treated le a f  bonding, stem bending, stem 
elongation , p ro life ra tio n  and m odification were measured following treat** 
s e a t .  The re su lt?  o f th is  t e s t  are contained in the three parts  of 
Summary Table XIX. Ihese re s u lts  have been portrayed graphically  in 
Figures 5, 6 , and 7 and. rep resen ta tive  p lan ts Indicating  certa in  of the
a
more s tr ik in g  re s u lts  are* pictured in  the photographs in  P la tes t  to  IV#
The responses of tom  to p lan ts to treatm ent by 2,4-B hav© recen tly  
been reported  by Hitchcock and 3imra©rmaa(39). The re su lts  obtained in 
th is  t e s t  using 2,4-B aim® are  generally  in  good agreement with the 
result©  reported by these workers. D ifferences th a t occur probably are 
due to  the fa c t  th a t a commercial sample of a sodium s a l t  of 2,4-B was 
employed in  th is  research re ther than the highly p u rified  alkanolarains 
s a l t  which they used*
Examination o f the graphs contained in Figure 5 c learly  ind ica te  
th a t  both rib o flav in  and sodium 2,4-diaitro-o-er® ?r:l reduce the degree 
o f stem beading and trea te d  le a f  beading re su ltin g  from 2,4-B treatm ent. 
Ascorbic acid  and B-lso-as corbie acid seem to increase the responsss ob­
ta in ed . The p lan ts represented in P la tes I  and I I  rere  chosen to ind ica te  
stem bending and trea ted  le a f  beading of tomato p lea ts  in response to 
these combination treatm ents. On a l l  the photographs chemical A i s  
ascorbic a c id , chemical B i s  r ib o flav in  and chemical C i s  sodium d ia itro — 
o—c re so l . I t  can be seen in  P le ie  I  th a t combination of ascorbic acid 
with 2,4—B, increases both stem bending r?nd trea ted  le a f  bending over th a t 
obtained using 2,4—D alone. There is  l i t t l e  v isual d ifference in these 
p ic tu res  between the p lan ts  tr©£ted with 2,4—D and tho'-a trea ted  with 2,4—B 
combined with r ib o fla v in . A marked d ifference  can be seen between the 
plant© receiving ?,4-D and those receiving both 2,4-B and sodium d in itro -  
o—c re so l. The l a t t e r  compound apponrs to be very e ffec tive  in reducing 
both stem bending and trea ted  le a f  bending of tomato plants! trea ted  with
2,4—D.
P la te  I I  i l lu s t r a te s  th a t there i s  l i t t l e  d ifference between the 
combination treatm ents and 2,4-B treatm ents when the added compounds are
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used a t  lower concentrations.
Shen the he igh t measurement® are averaged and calcu lated  as percent-* 
age of the heigh t o f p lea ts  receiv ing  2,4-B p lo ttin g  these values resu lts , 
in  the  curves shorn In fig u re  6* In ike-e curves i t  can again he seen
i,
th a t  both r ib o fla v in  and sodium d in itro -o —creso.X increase stem elongation 
o f  trea te d  p lan ts  when used with 1$ 2,4-D In combination treatment* This 
i s  even wore s ig n if ic a n t in  view of the fa c t th a t 2,4~D, a t  th is  concen­
t r a t io n ,  g rea tlv  in h ib its  stem elongation# Both ascorbic acid and D-isso- 
ascorbic acid  decrease stem elongation when combined with 0.1$ 2,4-D#
At th is  concentration ?,4~£ normally stimulates- tomato stem elongation,
Some o f  these d ifferences in  height can be seen in  P lates l i t  and XV,
%iesi g ram s are drawn to  represen t the data obtained on p ro life ra tio n  
and m odification seventeen days a f te r  treatm ent the d ifferences between 
fee  four chemicals can be mors read ily  seen.
Both rib o fla v in  and the d in itro  compound reduce modification when 
combined with 0.01$ 2,4-D. Very l i t t l e  d ifference i s  exhibited by 
treatm ent o f tomato p lan ts  wife these two compound* when they are com­
b i n e d  a t  the two higher concentretions of 2,4-*£* Ascorbic acid and D- 
i s o - & 9 C o r b i e  acid  used a t  0.1$ in  combination with 0,1$ o f 2fA—D decrease 
m o d i f i c a t i o n .  ?!hea these two compounds, are, combined with 0.01$ 2,4—£ 
they b o t h  increase  m odification.
The d l n l t r o  compound and r i b o f l a v i n ,  when combined, with 2 , 4 -O j both 
r e d u c e  f e e  am ount of p r o l i f e r a t i o n  produced by 0.1$ 2,A~£* In a d d it io n *  
th e  d i n i t r o  compound r e d u c e s  th e  p r o l i f e r a t i o n  p roduced  by 1,0$ 2,4-B* 
A s c o r b ic  a c ic i and D - i s o - a s c o r b ic  a d d  combined with 2 , 4~D in c r e a s e  th e  
p r o l i f e r a t i o n  p ro d u ced  by 0,1$ and 1.0$ 2 ,A -D . Ascorbic acid combined w ith
2,4-X) i n c r e a s e s  p r o l i f e r a t i o n  prod uced  by  0*1$ 2,4-B when the  ascorbic a c id
i s  used a t  1*0$ but th© reverse ia  tru© fo r O-iso-a®corbie.acid* Why 
th is  should he so cannot he determined from these prelim inary resu lts*
P la te s  XXI and XV i l l u s t r a te  the responses o f p ro life ra tio n  and 
modification, respectively*  In P la te  IXX the top photograph i l lu s t r a te s  
th a t  ascorbic acid  combined with 2,4—0 increases p ro life ra tio n  resu lting  
frosi < ,4—D treatm ent* The middle photograph I l lu s t r a te s  opposite re su lts  
from combinations of 2,4—33 and riboflavin*  The lover photograph i l lu s t r a te s  
th a t  the d in 't r o  compound hns very l i t t l e  e ffe c t on the degree of p ro life ra ­
tio n  re su ltin g  from treatm ent with 0*1$ 2,4-B*
In ? la te  IV the e ffe c t of these three compounds on m odification are 
brought out* In the top photograph, sod! f l e e t  Ion of the upper leaves is  
more severe from treatm ent with ascorbic acid  combined with 2,4-B in  the 
ind icated  proportions.* In the center photograph i t  can be aeon th a t modi­
f ic a tio n  i s  reduced when rib o flav in  Is  combined with 2,4—B in  the indicated 
proportions* The bottom photograph 11 lu s tra  tea  th s t  treatm ent with the 
d in itro  compound in  combination with 2,4-B a t  the indicated proportions 
has l i t t l e  e ffe c t on m odification.
In th e  f i r s t  two p h o to g ra p h s  in  P la te  I I I  th e  c o r r e la t io n  betw een  stem 
e l o n g a t i o n  and p r o l i f e r a t i o n  can be seen *  I f  stem  elongation I s  inh ib ited  
p r o l i f e r a t i o n  a p p e a r s  to  be i n c r e a s e d ,  and i f  tern e lo n g a t io n  i s  promoted 
p r o l i f e r a t i o n  i -  d e c r e a s e d .  T here two c o n d i t io n s  are c learly  d em o n stra ted  
i n  t h e s e  two p h o t o g r a p h s . ’’Then ^to* elongation i s  i n h i b i t e d  m odification 
i s  a l s o  i n h i b i t e d  and th e  ’Re v o r « e  i *  t r u e  when a te n  e lo n g a t io n  t *  s t im u la te d  
R i b o f l a v i n  a n d  sodium d i n i t r o - o - c r a e o l  have b««n shown t o  c o u n t e r a c t  
t h e  e f f e c t s  o f  2 , 4- B  o n  several p la n t  tissu es thus in d i c a t in g  shat the 
e f f e c t  i n  t h e s e  t is s u e - - ’ is  tb© same* A s c o r b ic  acid h a s  been shorn to  
r e d u c e  c o r n  r o o t  e lo n g a t io n  i n h i b i t i o n  ea u sed  by use of 2,4-B a t 500 ppm.
H
Prelim inary re s u lts  with B -iso-ascorbie acid in d ica te  th a t the same might 
a lso  he said fo r  th is  compound when uaeci on corn seedlings* the response 
of cucumber seedlings to ascorbic acid and IV iso-aecorbic acid in d ica te  
q u ite  c le a rly  th a t these compounds do not reduce the Inh ib ition  o f 2,i-D f 
while rib o flav in  does so in a very s tr ik in g  manner# Riboflavin and the 
d in itro  compound generally  reduced the degree of response o f 'tomatoes 
to  1,4*D, while ascorbic acid  and B~iso~a&corbIe acid generally increased 
the degree of response of tomatoes to 2,4*£*
Since both r ib o fla v in  and ascorbic acid have two c h a ra c te ris tic s  in 
common i t  would seem th a t a t  le a s t  one o f these might be responsible for 
counteracting the e ffe c t  of 2,4-D. I t  la  suggested th a t the Characterise 
t i c  o f being hydrogen acceptors or donors in  p la n t resp ira to ry  system© 
involved in  the oxidation of plant, m etabolites i s  the c h a ra c te ris tic  
which allows these compounds to e ffe c t a reduction in  2,4*1 inhibition*
That th is  may be so i s  strengthened fcy several re p o rts . LundegKrd(54-) 
s ta te s  th a t anion re sp ira tio n  is  contro lled  by a cystem probably id e n ti­
ca l with the cytochroaie-cytochrome oxidase system and ftance(65) s ta te s  
th a t  s a l t  accumulation of excised whoat roots Is  in h ib ited  by 2,4*£*
Maxwell ( 56) has demonstrated the existence of cy to chrome-cy to chrome 
oxidase system  in maize. He hec also shown th a t while ascorbic acid 
oxidese and ty rosinase  may not be involved in young maise seedling© there 
was no evidence of polyphenol oxidase or creeolase a c t iv i ty . However, 
when dihydroxyphenylalanine ©nd tyrosine neve used in  these researches, 
melanin formation wan observed* Thue, ore-sump tiv e  evidence is: availab le  
to in d ic a te  the oresance of ty rosinase , the sneym* ronron&ibl* fo r such
a transform ation .
I t  h a r  b een  p o in te d  o u t  by G a l? ton t h s t  r i b o f l a v i n  car? b« r e v ^ r r ib ly
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o x i d i s e d  and red u ced *  A lso  h e  p o in te d  o u t  t h a t  r i b o f l a v i n  i s  l i g h t  
a c t i v a t e d  t o  f u n c t io n  a s  a  h yd rogen  a c c e p to r  In  th e  p h o t o -o x id a t io n  o f  
IA A (£ 6 )«  A s c o r b ic  a c id  i s  a l s o  c a p a b le  o f  r e v e r s i b l e  o x id a t io n -  end re d u c ­
t io n *  f h e  s u g g e s t io n  mad* d u r in g  th e  d is c u s s io n  o f  th e  e f f e c t s  o f  o r g a n ic  
a c i d s  to  th e  e f f e c t  t h a t  e i t h e r  i s o - c i t r i c  d eh y d r o g en a se  o r  cocnayi®© IX  
s i g h t  b e  i n h i b i t e d  by ? ,4 —D s h o u ld  be r e s t a t e d  a t  t h i s  tim e*  I f  th e  l a t t e r  
a l t e r n a t i v e  i s  ch o sen  an I n s t a n c e  o c c u r s  w here r i b o f l a v i n  m ig h t s u b s t i ­
t u t e  f o r  t h i s  h y d ro g en  c a r r ie r *
I t  i s  t h e r e f o r e  s u g g e s t e d  t h a t  £ ,A -£  i n h i b i t s  r o o t  e lo n g a t io n  and 
c a u s e s  o t h e r  r e s p o n s e s  in  p la n t s  by i n t e r f e r e n c e  w ith  th e  te r m in a l o x id a s e  
a y s  terns i n  p l a n t s .  I t  i s  s u g g e s t e d  . f a r t h e r ,  t h a t  t h i s  i s  a c c o m p lish e d  
th ro u g h  an i n t e r f e r e n c e  w ith  th e  h ydrogen  c a r r i e r s  in v o lv e d  in  th e s e  s y s ­
tem s* Tbd-': hypo t h e s i s  w ou ld  e x p la in  s a t i s f a c t o r i l y  th e  r e s u l t s  o b ta in e d  
w ith  r i b o f l a v i n  i n  c o u n t e r a c t in g  ? ,4 —& e f f e c t s ,  and th e  n e g a t iv e  r e s u l t s  
g e n e r a l l y  o b ta in e d  w ith  o th e r  c h e m ic a ls  t e s t e d  fo r  t h e i r  a b i l i t y  to  
c o u n t e r a c t  2 ,4 -E *  I t  i s  th o u g h t  t h a t  sodium  d t n it r o -^ o -c r e s o l  a c t s  to  
r e d u c e  th e  r e s p o n s e s  o f  tom ato  p la n t s  to  2 ,4 —D by r a p id ly  k i l l i n g  th e  
t i s s u e s  w h ere i t  i s  a p p lie d  and th u s  p r e v e n t in g  th e  t r a n s lo c a t io n  o f
2 .4 —E . The e f f e c t  o f  th e  d i n i t r o  compound in  r e d u c in g  2 ,4 -D  i n h i b i t i o n  
o f  r o o t  e lo n g a t io n  m ust be e x p la in e d  on th e  b a s i s  t h a t  t h i s  compound 
ca n  i n h i b i t  som e en&yme sy s te m  a c t iv a t e d  d i r e c t l y ,  o r  i n d i r e c t l y ,  by
2 .4 - D  tr e a tm e n t  s i n c e  c o m  r o o t  t i s s u e s  a r e  n o t  k i l l e d  by tr e a tm e n t w ith  
th e  d i n i t r o  compound a s  u s e d  in  t h i s  resrerrch*
m m tsx
S e v e r a l  hundred ch em ica l®  h a v e  b een  t e s t e d  w ith  young co rn  s e e d l in g s  
f o r  t h e i r  e f f e c t  on p rim ary  r o o t  e lo n g a t io n  te e n  u sed  s i n g l y  ami when 
th e y  w ere com bined w ith  a s o l u t io n  c o n ta in in g  2 ,4 -1 ) .  T hese ch em ica l®  
included members o f  th e  f o l lo w in g  c l a s s e s i ca r b o h y d ra te s*  o r g a n ic  
a c id s , o r g a n ic  o h o s c h n t e s ,  am ino a c i d s ,  v i t a m in s ,  a n i im e t a b o L it e s ,  m ~  
s y a s s ,  ensym e i n h i b i t o r s ,  a n t i h i s t a m in e s ,  p y r im id in e s ,  p u r in e s ,  s e v e r a l  
c h e m ic a ls  w h ich  a r e  f l u o r e s c e n t  and v a r io u s  m is c e l la n e o u s  ch em ica l®  
and b io c h e m ic a l  s .
Of t h e s e  c h e m ic a ls  t e s t e d ,  s e v e r a l  h ave b een  found w hich  c o u n te r a c t  
& s i n g i f l e a n t  am ount o f  th e  i n h i b i t i o n  r e s u l t i n g  from s im u lta n e o u s  ex ­
p o s u r e  o f  g e r m in a t in g  c o m  s e e d l i n g s  to  s o l u t io n s  c o n ta in in g  2 ,4 -1 )  a s  
w ell a a th e  t e s t  c h e m ic a l .  The;.e c h e m ic a ls  w ere: L ~ m e tb io n in e , t h io ~
s e m ic s r b a z id e ,  sod ium  f , 4 - d i n i t r o - o - c r e s o l ,  c h l o r a n i l i o  a c i d ,  r i b o f l a v i n  
and a s c o r b ic  a c i d .
F u r th e r  t e s t e  w ith  th e  ab ove named ch em ica l®  h ave d em o n stre ta d  t h * t  
r i b o f l a v i n  w i l l  c o u n t e r - . t  th e  r o o t  e lo n g a t io n  i n h i b i t i o n  o f  cucumber 
seed  t r e a t e d  w ith  s o l u t i o n s  c o n ta in in g  r i b o f l a v i n  com bined w ith  f , 4 - B .
In  th e  c o u r s e  o f  t h i s  r e s e a r c h  i t  was d em o n stra ted  t e a t  r i b o f l a v i n  
w ould  c o u n t e r a c t  th e  e f f e c t s  o f  ? ,4 - B  on g e r m in a t in g  c o m  s e e d lin g ®  o n ly  
when th e  s e e d l in g s  ■vers e x p o sed  to  l i g h t  d u r in g  th e  t o o t .  E xposure o f  
g ro w in g  corn  s e e d l in g s ,  t o  s o l u t io n s  o f  r i b o f l a v i n  in  th e  l i g h t  red u ced  
r o o t  e lo n g a t io n  s l i g h t l y .  Growth in  th e  dark w h ile  exp osed  to  s o lu t io n ®  
o f  r i b o f l a v i n  h*d no e f f e c t  on r o o t  e lo n g a t io n .
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When tom ato  p l a n t s  w ere  t r e a t e d  w ith. s o l u t io n s  o f  r i b o f l a v i n ,  
a s c o r b i c  a c i d ,  B ^ ls o - a s c o r b ic  a c id  and sodium  d i n i t r o - o - e r e s o l ,  ©aeh 
i n  c o m b in a tio n  w ith  i t  w as found  th a t  r i b o f l a v i n  «nd sodium
d i n i t r o - o - e r e s o l  g e n e r a l ly  red u ced  th e  d e g r e e  o f  f i v e  r e s p o n s e s  m easured  
w h i le  a s c o r b ic  a c id  and i v l s o - a s c o r b i c  a c id  g e n e r a l ly  in c r e a s e d  th e  
d e g r e e  o f  r e s p o n s e  of tom ato  p la n t s  to
The s u g g e s t io n  i s  made t h a t  r i b o f l a v i n  and a s c o r b ic  a c id  a c t  a s  
h y d ro g en  c a r r i e r s  and f u r t h e r  t h a t  : , /j -B  a c t s  to  i n h i b i t  on e o r  more 
o f su c h  c h e m ic a ls  w i t h in  p l a n t s .
P r e su m p tiv e  e v id e n c e  i s  o f f e r e d  to  th e  e f f e c t  t h a t  young c o m  







































CONCENTRATION OF No 2 ,4 -D  
(RRM.)
F ig u r e  1 .  Curve show ing th e  e f f e c t  o f  in c r e a s in g  c o n c e n tr a t io n  
on th e  prim ary  r o o t  e lo n g a t io n  o f  c o m  s e e d l in g s  * Each 
p o in t  on th e  graph r e p r e s e n t s  an a v er a g e  o f  n in e  r e p l i c a t e s  -  






























C O N C E N T R A T I O N  O F  R I B O F L A V I N  
( G A M M A S  P E R  M L .)
F ig u r e  2 .  Curve sh ow in g  th e  e f f e c t  o f  l i g h t  and in c r e a s in g  
c o n c e n tr a t io n  o f  r i b o f l a v i n  in  c o u n te r a c t in g  th e  r o o t  
e lo n g a t io n  i n h i b i t i o n  r e s u l t i n g  from ex p o su re  d u r in g  

















Corn Root E lo n g o t io n





CONCENTRATION OF RIBOFLAVIN 
(GAMMAS PER CC.)
F ig u r e  3« Curve show ing th e  e f f e c t  o f  l i g h t  and dark on p rim ary  
r o o t  e lo n g a t io n  o f  c o m  s e e d l in g s  ex p o sed  to  s o l u t io n s  con­


































CONCENTRATION OF No 2 , 4 - D  
(RRM.)
F ig u r e  A* Curve show ing th e  e f f e c t  o f  g er m in a tin g  cucumber see d  
in  a  s o lu t io n  c o n ta in in g  50 ppm o f  r i b o f l a v i n ,  a s c o r b ic  a c id  
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F ig u r e  5 .  Graph i l l u s t r a t i n g  th e  e f f e c t  on young tom ato p la n t s  o f  com­
b in a t i o n s  o f  fo u r  c h e m ic a ls  u se d  s i n g l y  w ith  2 ,4 - D .  R a tin g s  from  
ze r o  t o  th r e e  i n d i c a t e  th e  r e l a t i v e  r e s p o n s e .  A v era g es o f  th r e e  
p la n t s  w ere ta k en  f o r  each  p o in t  on th e  g r a p h s . C ir c le s  w ith  th e  
lo w e r  h a l f  f i l l e d  in  r e p r e s e n t  tr e a tm e n t  w ith  co m b in a tio n s  o f  1% 
o f  e a c h  t e s t  c h e m ic a l w ith  th e  in d ic a t e d  c o n c e n tr a t io n  o f  2 ,4--D . 


































o .o i  o a  l . c  o .o i  o a  l . o  o .o i  o a  l . o  o .o i  o . i  i . c
C o n c e n tra t io n  o f  2 , 4 - L  ( % )
F ig u r e  6 •  E f f e c t  o f  fo u r  co m b in a tio n  tr e a tm e n ts  on h e ig h t  o f  t r e a te d  
tom ato  p l a n t s .  D ata p lo t t e d  r e p r e s e n ts  a v era g es" ^  f  th r e e  p la n t s  
t e n  d a y s a f t e r  tr e a tm e n t .
n
Riboflavin. D-iao-Ascorbic a d d Sodium dinitro-o-creaolAscorbic acid«0
MODIFICATIONO ■Sê iaar
- O /X WeJ Chtnttc^l
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F ig u re  7 . Graphs showing th e  e f f e c t  o f  fo u r  com bination tre a tm e n ts  on 
p r o l i f e r a t i o n  and m o d if ic a tio n  o f  young tom ato p la n t s .  P o in ts  
p lo t te d  on g rap h s r e p re s e n t  th e  average  o f  th re e  p la n ts  14 days 
a f t e r  t r e a tm e n t .
mm JOB PLATES
Plate X, Pictures of treated tomato plants taken 72 hours after
treatment shoeing the different amounts of stem bending and 
treated leaf bending resulting from treatment with the diff* 
erect chemicals* Xn the top photograph the amount of stem bending 
increased nhen chemical A* ascorbic acidf was combined with a 
solution of Ha 2,4-8* numbers under the pots represent the 
concentration of the chemicals in the solutions used* Chemical 
B| 8-iso-ascorbic acid, produced about the same degree of stem 
bending when combined with Ha 2*4-8 as the Na 2*4-8 treatment 
alone did* Chemical C» sodium 2,4~dinltro~o~eresol* greatly 
reduced the degree of stem beading when combined with Ha 2*4-8*
Plate XX* These pictures represent the same combinations as shown in 
the preceding plate with the exception that the added three 
chemicals were used In lower concentrations* Here the same 
general effects can be noted but the differences between 
8a 2,4-p treatment and the combination treatments are not as 
marked,
Plate XXX* Pictures of tomato plants taken 14 days after treatment showing 
the effect on proliferation resulting from treatment with 
combinations of 8a 2*4-8 with three chemicals* Chemical A acts 
to Increase proliferation* chemical B acts to decrease prolif­
eration while the amount of proliferation resulting from 
combination of 8a 2*4-8 with chemical G is about the seme*
Plate IT* Pictures of tomato plaits representing the same combinations
as shown in the preceding plate except that lower concentrations 
of all the chemicals were used* Chemical A acts to increase 
modification* chemical B acts to decrease modification while 
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